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[In the published version of this lecture it is proposed to summarise briefly, 
with references, those parts of the work on the Common Cold which have already 
been described in print and to write out fully the account of more recent work.] 

The title of this lecture is not intended to refer to a description of a case of 
unusually intractable catarrh, but to describe ten years’ work on the Common 
Cold at the Common Cold Research Unit at Salisbury in southern England. 
Actually, I am unduly modest, for we have been at it for over 1114 years. 

The Common Cold is not amenable to study by simple laboratory techniques 
and so one has to detect the presence of the virus and to study it by the use of 
human volunteers inoculated intranasally. The primary objective has always 
been to discover some simple method of study which would eliminate the need 
for volunteers, at least for most of the work. 

During these 1114 years more than 5,000 volunteers have passed through our 
hands. They are housed in pairs in comfortable one-story buildings and remain 
in isolation for 10 days; they are allowed to go out for walks but must avoid 
the other pairs and other human contacts. They have 4 days’ quarantine, for 
preliminary observation and to make sure they are not already incubating a 
cold. They then receive intranasal installations of material under test—wash- 
ings from other colds, ‘control’ innocuous fluids or the results of attempted 
virus cultivation. The volunteers do not know the nature of the inoculum, 
nor does the clinical observer until he has committed himself in writing as to 
whether a cold is present or not (1) (2). In our experience very few experimental 
colds are febrile; by far the most useful criterion has been the amount of nasal 
secretion; this is largely assessed by the numbers of paper handkerchiefs used 
daily. Numbers of colds produced by ‘control’ inocula have recently been as 
low as 1 per cent, whereas ‘cold’ washings induce the disease in as many as 50 
per cent of inoculated people, the number varying somewhat from year to 
year. 

Since washings from induced colds will again produce the disease whether 
they are filtered or not, we clearly have to deal with a multiplying, filterable 
agent, and this has the properties of a virus. It survives well at —76° and 
has a diameter as determined by filtration, of 60 my or less. Attempts at 
cultivation in fertile eggs or at transmission to animals of many species have 
been unsuccessful (1). 


1A De Lamar Lecture delivered at The Johns Hopkins University School of Hygiene 
and Public Health on February 21, 1958. 
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TRANSMISSION OF COLDS BY CONTACT 


Experiments at transmission of colds from an infected to a normal person 
gave a low percentage of ‘takes’. Attempts were made to get better results using 
12 students isolated for 3 months on an island off the north coast of Scotland 


(4). This was done because of the many reports that arctic explorers and others ° 


in isolation for some months acquire greatly enhanced susceptibility to colds. 
Alas, when we brought 10 people with early induced colds on to the island at 
the end of the 3 months and exposed them under various conditions to our 
volunteers, no transmission occurred. We thought it possible that our ‘pedigree’ 
serially transmitted colds might have lost the power of being transferred by 
natural contact; this idea was confirmed when a crofter with a naturally ac- 
quired or ‘wild’ cold, did transmit his colds to three of our students. We followed 
this observation up in more experiments at Salisbury. Epidemiological evidence 
had suggested that colds are apt to spread more readily from children than 
from adults (12). So children with acute natural colds were invited from the 
neighbouring Chalke valley to special children’s parties, where they had the 
opportunity to spread infection in various ways to adult volunteers. Close con- 
tact permitted cross-infection to about 10 per cent of exposed persons; transmis- 
sion by means of minute ‘droplet nuclei’ was nearly as effective; exposure to a 
contaminated environment gave equivocal results (13). 

Other experiments indicated that the cold virus is readily inactivated by 
drying, that use of dried infected handkerchiefs does not readily convey infec- 
tion and that application of infected secretions to the outside of the nostrils 
is also relatively ineffective. 

We failed to produce colds by chilling and similar methods, nor by such 
means to increase susceptibility to a small dose of virus (2). Possibly the prev- 
alent belief that chilling causes colds may confuse cause and effect; a 
feeling of chill on exposure to, say, a draught may be a first symptom of a cold 
and not its cause. Dowling ef al. (10) have lately reported that chilling can 
precipitate a cold but only in women at a particular phase in the menstrual 
cycle. 


TISSUE CULTURE 


When we had wholly failed to infect any animal or to cultivate a virus in eggs, 
we decided, in 1952, to concentrate on attempts to grow the cold virus in 
cultures of human tissues. We used tissues from embryos obtained from 
therapeutic abortions; also adult nasal tissues obtained at biopsies. Some earlier 
work had given a little promise, and by 1952 the possibilities of tissue culture 
for growing ‘difficult’ or ‘new’ viruses were just beginning to appear. For a year 
we had no success. Then in 1953 we obtained evidence that one line of cold 
virus (DC) could be propagated in cultures of human embryonic lung (3). It 
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was carried in series for ten passages, producing colds over a period of three 
months in 13 of 92 volunteers (14 per cent), the later passes doing as well as the 
earlier. No cytopathic effects were detected in the cultures, but we felt it to be 
only a matter of time before other evidence of virus growth could be detected. 
The results were reported at the International Microbiological Congress in 
Rome in September, 1953, and that finished it! Thereafter we had only infre- 
quent ‘takes’ with culture material and only in very early passages. We do not 
know at all why the DC virus apparently grew for a while and was then lost. 
We varied every factor we could think of. It is perhaps relevant, however, that 
during the period of success we were making passages in cultures of one particu- 
lar—but in no way unusual—embryo. When that was used up, we had only 
failures. 


IS THERE ‘A’ COMMON COLD VIRUS? 


Quite recently there have been discovered other viruses having probable 
relationships to minor upper respiratory infection, all of them propagable in 
tissue culture. Before considering these, let us enquire whether there necessarily 
exists a single common cold virus or whether the causes of colds may not be 
many and various. I have referred to the properties of ‘the’ cold virus, but I 
recognize that the results may be deceptive if colds are caused by several 
unrelated agents. There is already evidence of diversity of properties. We have 
encountered a strain of colds which has a longer incubation period than usual, 
about 4 instead of 2 or 3 days; this breeds true on serial passage in volunteers 
(7). From earlier experiments we concluded that ‘the’ cold virus was readily 
inactivated by 20 per cent ether: recent tests with another strain have suggested 
that it is ether-resistant. On the other hand there are experiments (9) which 
indicate that immunity to a single strain of colds is of very brief duration, so 
that there would seem to be no evolutionary reason for development of anti- 
genic diversity. If causes of colds were multiple, several anomalies would 
disappear. Thus there are numerous reports that cold epidemics promptly break 
forth amongst Arctic explorers who, after long isolation, unpack bales of cloth- 
ing. Such records suggest that some cold viruses persist very well in the dried 
state, a result in complete contrast to our own experimental findings with the 
strains we studied. 


VARIOUS RESPIRATORY VIRUSES 


The adenoviruses, discovered by Rowe et al. (19) and by Hilleman and Werner 
(11) are associated with pharyngitis and febrile catarrhs, infections clinically 
severer than common colds: serological types 3, 4 and 7 are especially to blame. 
We tested at Salisbury cultures of type 1, at that time reputed to be harmless 
to adults. Several infections were produced, definitely more severe than our 
experimental colds (18). There resulted also some typical colds which on passage 
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bred true as such, though of the variety with a longer incubation. Washings 
from these failed to yield adenoviruses. Presumably we had either activated a 
latent cold-infection by introducing our adenovirus, or had picked up such a 
virus from a volunteer, this having, because of its longer incubation, slipped 
past our regular 4-day preliminary observation period. Activation of one virus 
by another remains an intriguing possibility: it is an occurrence familiar to 
workers with viruses attacking insects. 

Other viruses deserve brief mention. There are two, reported respectively by 
Sabin (20) and by Morris ef ai. (15) associated with colds in chimpanzees. With 
each of them there are suggestions of pathogenicity for man. Morris’ virus, 
further studied by Chanock (8) and called CCA (Chimpanzee coryza agent), 
has been isolated from infections in children; antibodies against it are present in 
many human sera. It produces cytopathic effects in monkey kidney tissue 
cultures. Sabin’s virus is related to a virus which was at first classified, perhaps 
wrongly, as an echo virus, is ether resistant and present in the stools (20). 

Chanock ef al. (7) have isolated other agents which they call HA (haemad- 
sorption) viruses, since cells in tissue cultures infected with them adsorb certain 
red blood cells. They seem to be myxoviruses (i.e. related to the influenza- 
mumps group). Similar viruses may be present in cultures of ‘normal’ monkey 
kidneys—which seem at the moment a limitless source of ‘new’ viruses. Two 
other viruses, one sent to us from Scandinavia, another isolated by Tyrrell 
and Worthington at Salisbury, are under study as agents which can be culti- 
vated in monkey kidney but whose relationship to colds is still quite uncertain. 
The CA (croup-associated) virus is another ‘new’ virus of the Myxovirus group 


(6), (5). 
JH AND 2060 VIRUSES 


These are two viruses, isolated independently by Winston Price (16) and 
Mogabgab and Pelon (16), cultivable and causing cytopathic effects in monkey 
kidney cultures but growing with some difficulty, preferring a medium without 
serum and not yet shown to cause haemagglutination. Though otherwise 
similar, the two strains are serologically different (personal communication 
from Dr. Winston Price). The JH virus seems to be associated with minor 
infections in children; yet these infections were febrile in 23 of 26 children and 
not typical of colds (17). Prophylactic vaccination against the infection was 
reported to be effective. In view of suggestions that the JH virus was related 
to colds, Drs. Tyrrell and Bynoe (paper in preparation) carried out experiments 
on our volunteers at Salisbury with a virus kindly sent us by Dr. Price. The 
results are shown in the figure. In two experiments, and in a third not recorded, 
cultures of 9th monkey kidney passage, given at the dilutions shown, produced 
no colds in any of 16 volunteers. Virus was, however, recovered from nasal wash- 
ings of two of them and one of these washings produced two colds, which again 
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Fic. 1. Results of inoculation of human volunteers with JH virus. 


yielded virus. Three other volunteers, who developed no colds, also had virus 
in their washings. A further passage yielded a similar result except that on this 
next test one volunteer developed a cold yet no virus was recovered. This failure 
may be ascribed to insufficient sensitivity of the test or to our having picked up 
another cold virus, as perhaps happened in the experiment with adenovirus 
mentioned earlier. The figure also shows that a high titre anti-JH rabbit serum 
failed to neutralize a positive washing completely. The results suggest that JH 
virus has lost pathogenicity for man after cultivation in monkey kidney but 
that it may be re-activated by intranasal passage of washings in man and pro- 
duce colds. This conclusion must be tent~tive as the results in the figure will 
hardly bear statistical analysis. Evidence that JH virus causes colds in adults 
is therefore equivocal. 

Two interesting points arise. If the JH colds are genuine, it seems possible 
that a virus causing febrile illnesses in children may produce common colds in 
adults, who presumably have some immunity. Possibly several viruses can act 
thus, for the febrile catarrhs of children are many and various. Epidemiological 
studies near Salisbury, undertaken by Dr. A. T. Roden (personal communi- 
cation), do however suggest that some colds in adults produce in small children 
to whom they may spread, the typical picture of an afebrile running cold. 

The other point is this: some viruses are known to multiply in tissue cul- 
tures without leading to evident cytopathic effects. It now appears possible 
that a virus may rapidly lose pathogenicity for man in culture—as indeed in- 
fluenza virus does on cultivation in eggs. It is therefore possible that the diffi- 
culty in cultivating common cold viruses is that this virus may suffer from 
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both troubles, losing pathogenicity on culture and at the same time failing to 
damage the cultures visibly. We might therefore be growing cold viruses all 
the time and never know it! 


To conclude: new methods are revealing new respiratory viruses one after 
another. The outlook for increasing our knowledge is hopeful. We do not know 
yet whether colds will prove to be due to numerous viruses of perhaps equal 
importance or whether these ‘new’ viruses are on the periphery of the problem, 
there remaining a hard central core of ‘the’ common cold virus. It may also be 
that with cold viruses as with influenza A and perhaps adeno- and echo-viruses, 
there is a constant turnover, one after another coming to dominate the scene. 

The results from Salisbury have been the result of team work. Workers con- 
cerned during the last few years include M. L. Bynoe, D. M. Chaproniere, 
J. Field, H. G. Pereira, A. T. Roden, D. A. J. Tyrrell and G. Worthington. 
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INTRODUCTION 


The purpose of this report is to call attention to the occurrence of infarction 
of the bone marrow resulting in massive embolization by bone marrow and fat 
in sickle cell anemia and sickle cell-hemoglobin C disease. Recently three cases 
illustrating this course of events have come to autopsy at the Johns Hopkins 
Hospital. The medical literature contains reports of four, or possibly five, 
isolated instances of fat embolism associated with sickle cell diseases but in 
none of these was the genetic hemoglobin pattern known; in none was the 
diagnosis of a sickle cell disease established before post-mortem examination; 
and in none was actual bone marrow embolism demonstrated. 

Terminology: The term “sickle cell disease” is used broadly to include the 
entire spectrum of disorders whose manifestations are related to the presence 
in the erythrocyte of type S hemoglobin. 

With regard to the cases recorded in the literature and reviewed in this 
report, the finding of “‘sickled red blood cells” in the tissue sections is accepted 
as evidence indicative of the presence of type S hemoglobin. 

The term “‘sickle cell anemia” is used specifically for the disorder character- 
ized by the homozygous state for the hemoglobin S gene. The hemoglobin 
electrophoretic pattern for this state is represented by the symbol S-S. Sickle 
cell-hemoglobin C disease represents the disorder characterized by the hetero- 
zygous state for type S and type C hemoglobin. The hemoglobin electrophoretic 
pattern for this state is represented by the symbol S-C. 


REPORT OF CASES 


Case No. 1 (JHH #379041). A 41 year old negress registered in the obstetrical clinic of 
The Johns Hopkins Hospital in the 24th week of her third pregnancy on June 5, 1957. Both 
previous pregnancies had ended in spontaneous abortion during the first trimester. She 
stated that a sister and a cousin had “sickle cell anemia.’”’ The past history disclosed an 
untreated luetic infection in 1954 and “german measles” in about the 15th week of the 
current pregnancy. She had been seen in the accident department of this hospital on several 
occasions during the preceding several years complaining of rather vague aches and pains 
in the muscles, bones, and abdomen. The cause of these symptoms was not determined. The 
initial prenatal physical examination was normal. The hematocrit was 29.5 per cent. The 





1 On leave from the Department of Gynecology. 
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serological test for syphilis was positive. Treatment with penicillin was instituted and com- 
pleted without event. In the 35th week she began to complain of joint pain which soon 
involved both forearms and legs. A hematocrit value of 27.5 per cent was found, and blood 
for hemoglobin electrophoresis was drawn. On September 8, 1957 she came to the accident 
room, two weeks from term, complaining of severe pain in the back. She was admitted to the 
delivery floor. Vital signs included a temperature of 99.8°, pulse 92, and blood pressure of 
125/60. She continued to complain of severe back pain and seemed quite uncomfortable. No 
signs of labor were present. No other abnormal findings on physical examination were 
noted. The hematocrit on admission was 23.5 per cent. Low back, arm and leg pain continued 
but she seemed somewhat improved. Twenty hours after admission the temperature rose to 
100.6° and rales and rhonchi were noted over the right lower lung field. Twenty-four hours 
after admission, one million units of penicillin were given intramuscularly at a time when the 
temperature was 102° and respirations were 24 per minute. At this time the report of the 
hemoglobin electrophoresis established the diagnosis of sickle cell-hemoglobin C disease. 
Two hours after the administration of the penicillin, shortness of breath, tachycardia, 
sweating and slight elevation of the blood pressure were noted. These symptoms progressed 
rapidly and musical wheezes became generalized over the chest. There was no skin rash or 
urticaria. The ocular fundi were normal. The hematocrit was found to be 27 per cent, the 
WBC 22,000 and the serum bilirubin was 2.9 mgms. per cent, 1.8 of which was directly 
reacting. In spite of adrenalin, aminophylline, cortisone and digitalization, deterioration 
continued. Moist basilar rales were heard. One hour before death she became disoriented. 
Thirty minutes later the fetal heart sounds disappeared. The blood pressure and pulse 
disappeared and shortly afterwards respirations and cardiac action ceased. 

After the death of the patient, but prior to autopsy, the diagnosis of widespread infarction 
of the bone marrow with subsequent embolization of fat and bone marrow was suggested 
because of experience with two similar cases, both of which are included in this report. 

A complete post-mortem examination (Autopsy #27553) was performed eight hours after 
death. The body was that of a normally proportioned negro female of average height with a 
term intrauterine pregnancy. There was no scleral icterus. The heart was normal. The lungs 
weighed 1120 grams and felt slightly heavy. There were no remarkable gross changes ex- 
ternally or on the cut surfaces. The pulmonary arterial tree contained what was thought 
grossly to be post-mortem clot. The liver weighed 2150 grams but was otherwise not remark- 
able. The spleen weighed 1400 grams. The capsule was thickened. The cut surface was a 
bright, homogeneous maroon color. There were no visible areas of scarring. The kidneys 
were normal. The ureters were three times normal nulliparous diameter. A 3100 gram, well 
developed female infant was present in a term uterus with intact membranes. Electrophoresis 
of the fetal blood revealed a combination of normal and fetal hemoglobins. The vertebral, 
rib, and sternal marrows were irregularly red in color with what seemed to be hemorrhagic 
areas. Necrosis was not grossly appreciated. The femoral marrow was red and soft. 

Microscopic study: The spleen showed engorgement with red cells compressing sinusoids 
and lakes of red cells surrounding small follicles. Focal extramedullary hematopoiesis was 
present. No scarring or hemosiderin deposition was identified. No hemosiderin was present 
in the renal tubular epithelium. The glomerular capillaries were engorged with red cells. 

The marrow of the vertebra, sternum and rib contained numerous areas of recent infarc- 
tion and hemorrhage. The small intramedullary vascular channels were engorged with tangles 
of sickled erythrocytes. No distinct thrombi were seen. Most interesting were large veins 
just outside the cortex of the sternum which were plugged with masses of necrotic bone 
marrow identical with that seen in the intramedullary cavity. The ribs and femoral marrow 
contained smaller areas of fresh necrosis. 
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Necrotic bone marrow including several bony spicules were present in many of the large, 
medium, and small pulmonary arteries. Sections of what had been thought at autopsy to be 
post-mortem clot in the pulmonary arteries showed the presence of necrotic marrow.? Fat 
could be seen in the necrotic marrow and filling many of the pulmonary arterioles and capil- 
laries. There was slight pulmonary edema in some of the sections. Nearly every renal glo- 
merulus contained fat globules in the glomerular tuft. Sections of the brain showed the 
presence of a considerable number of intravascular fat globules. 

Anatomical Diagnosis: History of sickle cell-hemoglobin C disease. Normal term fetus in 
utero. Pregnancy changes in the breasts, pituitary and ovaries. Sickle cells in placental 
sinusoids. Splenomegaly with hemorrhagic pulp compressing sinusoids. Extramedullary 
hematopoiesis, spleen and liver. Hyperplasia, femoral marrow. Focal hemorrhages con- 
taining sickle cells, bone marrow. Focal infarct-like necroses, bone marrow. Bone marrow 
emboli, parasternal veins. Massive embolization of necrotic bone marrow, bone trabecula 
and fat, lungs. Fat emboli, renal glomeruli and brain. Pulmonary edema. Pleural effusions. 
Myomata uteri. Focal hemorrhages, ureters. Calcified mediastinal lymph node. 

Case #2 (JHH #328902). A 15 year old colored male was admitted to the Plastic Surgical 
Service of The Johns Hopkins Hospital for the third time on June 6, 1956 for plastic revision 
of scar contracture of the left ankle resultant from skin ulcers which had been previously 
successfully grafted. 

In 1948 at the age of seven years he was seen in the Out-Patient Department of the Harriet 
Lane Home for pain in the right hip and thigh. A hemoglobin determination was 8.5 grams 
and a sickling prepration showed complete sickling in five hours. He was observed by this 
clinic until the age of 12 years. Anemia and slight jaundice were constant features of his 
disease. Sore throats were frequent and on several occasions were accompanied by mild 
crises manifest by pain in the extremities, arthralgia and arthritis. In 1953, age 12 years, 
ulcers over the ankles appeared. Successful skin grafting was performed. From this time 
until his death, he was followed in the Hematology Clinic. Slight cardiomegaly with a soft 
diffuse systolic murmur were noted. The hematocrit ranged from 23 per cent to 27 per cent, 
the icterus index from 25 to 75, the serum bilirubin from 4.7 to 5.5 mgm. per cent and the 
reticulocyte count from 6.6 to 9.6. Hemoglobin electrophoresis showed a S-S pattern. He 
did generally well and complaints of pain in the extremities and mild epigastric discomfort 
were infrequent. Regrafting of the leg ulcers was necessary once in 1955. 

On admission the hematocrit was 22 per cent and the WBC was 9,800. On June 7, 1956 
several “‘Z” plasties under local anesthesia to break the contractures were carried out. One 
500 cc. transfusion of whole blood was given in the immediate postoperative period and the 
hematocrit rose to 26. His course was uneventful until June 12 when he complained of 
arthralgia and the temperature was 102°. Another 500 cc. transfusion was given. On June 13 
he continued to complain of multiple aches and pains in the joints and extremities and was 
noted to be quite lethargic. The temperature was 103°. A hematocrit determination was 26 
per cent, the WBC was 22,000 and the serum bilirubin was 8.5 mgm. per cent, 4.2 of which 
was directly reacting. Symptomatic measures were instituted. Lethargy deepened. Arthralgia 
and malaise continued. A tachycardia of 120-130 without evidence of heart failure was noted 
for 10 hours before death. He died rather suddenly in the early morning of June 14, 1956. 
The clinical diagnosis was terminal sickle cell crisis. 

A complete autopsy was performed 6 hours after death. (Autopsy #26535). The body was 
that of a well developed and well nourished, muscular 15 year old negro male. The recent 





2 Fat was identified in the various locations described by the use of frozen sections and 
staining with either Sudan III or Oil red O. 
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surgical incisions about the left ankle were clean and healing. The sclerae were icteric. The 
ventricular chambers of the heart were slightly dilated. The lungs were light and grossly 
normal. The liver was enlarged, weighing 2025 grams. It was engorged with blood and fine 
gross scarring was apparent. The spleen was small, weighing 60 grams; otherwise, it was 
grossly normal. 

Microscopic study: There was impressive engorgement of small blood vessels in the organs. 
Numerous sickled erythrocytes were present. The liver showed changes of early “sickle cell 
cirrhosis” (1). The spleen was congested with lakes of blood in and about the Malpighian 
bodies. No scarring or hemosiderin deposition was present. The renal tubular epithelium 
contained considerable hemosiderin. 

Sections of the vertebra, rib and sternum all showed, in addition to marked sinusoidal 
engorgement by tangles of sickle cells and hyperplasia, numerous foci of fresh necrosis. 
This was more extensive in the section of sternum where the necrotic marrow could be 
clearly seen passing into large venous sinusoids running through the cortex of the bone and 
into surrounding veins. All sections of the lungs showed numerous small fragments of both 
necrotic and well preserved bone marrow in the small pulmonary arteries. There was wide- 
spread fat embolization of the pulmonary capillaries. Fat was also present to a striking 
degree in the renal glomerular capillaries and to a less impressive but demonstrable degree in 
the capillaries of the brain. 

Anatomical Diagnosis: Sickle cell anemia. Sickle cell spleen and cirrhosis. Hemosiderin 
deposition, renal tubular epithelium. Hyperplasia, bone marrow, with focal infarctions. 
Widespread fat and bone marrow embolization, lungs. Fat emboli, kidneys and brain. 
Dilatation and hypertrophy, right and left ventricles. Ulcers, both legs. Hyperplasia, thymus. 

Case #3 (JHH #506167). A 14 year old negro male was admitted to the Medical Service 
of The Johns Hopkins Hospital for the first time on April 20, 1954 because of fever, chills, 
right pleuritic chest pain and a cough productive of greenish sputum of two days duration. 

He had been known to have sickle cell anemia since early childhood and recent hemoglobin 
electrophoresis had revealed an S-S pattern. There had been numerous previous admissions 
to the Harriet Lane Home for hemolytic crises accompanied by joint and abdominal pain, 
epistaxes and repeated respiratory infections, including episodes of sinusitis and pneumonia. 
Over the years the hemoglobin ranged between 5 and 9 grams. There had been slight jaundice 
and reticulocytosis. At the age of eight years, acute rheumatic fever was diagnosed and since 
then there had been a persistent harsh systolic murmur and moderate cardiomegaly. The 
last known transfusion had been received three and one-half months prior to admission. 

On admission the temperature was 101°, pulse 84, respirations 20 and the blood pressure 
96/84. He was underdeveloped with disproportionately long extremities and in no acute 
distress. The heart was moderately enlarged and there was a harsh systolic murmur heard 
all over the precordium. The second pulmonic sound was louder than the second aortic 
sound. Coarse rales were heard at the right lung base posteriorly. A chest x-ray showed a 
right middle lobe infiltrate. The hematocrit was 20 per cent and the WBC was 20,000. The 
icterus index was 10 and the bilirubin was 1.4 mgms. per cent with less than 0.8 being directly 
reacting. A heavy growth of gamma streptococci was cultured from the sputum. 

Five hundred cc. of whole blood were given on the day of admission. Achromycin, 2 
grams per day, was started. Daily temperature elevations to 101°-102° continued. A chest 
x-ray on April 28 showed clearing of the right middle lobe infiltrate but the temperature 
elevations continued. Cobaltous chloride was given a seven day trial but was discontinued 

because of tachycardia. On May 5, a series of epistaxes began. Because of these, the persistent 
fever on antibiotics in the face of clearing the chest x-ray, and the past history, the diagnosis 
of active rheumatic fever was suggested. Aspirin therapy was initiated and the temperature 
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fell to normal levels in the next few days. An antistreptolysin O titer was reported as 2,000 
Todd units. He was asymptomatic by May 20 and remained so until June 1. A circumcision 
was carried out on May 20 without event. On June 1 several teeth were extracted. Shortly 
after his return from the dental clinic, he began to complain of moderately severe right upper 
quadrant pain which was non-radiating and constant. The temperature was 101.4°. Respira- 
tions were 34 per minute. There was moderate right upper quadrant and CVA tenderness. 
The hematocrit was found to be 21 per cent and the icterus index 50. Two days previously the 
hematocrit was recorded as 27 per cent and the icterus index as less than 5. Shortly after- 
wards, he complained of pains in the shoulders, arms and knees and became lethargic. The 
sclerae were icteric. The temperature remained elevated. On June 3, the hematocrit was 23 
per cent. The total bilirubin was 28.8 mgm. per cent of which 20 mgm. per cent was directly 
reacting. Rapid respirations and lethargy continued and he became restless and combative. 
No signs of heart failure were present. On June 4 the hematocrit was 17 per cent and the 
bilirubin was 40 mgm. per cent with a direct bilirubin of 28.8 mgm. per cent. Shortly 
before death on June 4, he became unresponsive and the temperature rose to 105°. Death 
was attributed to sickle cell crisis. 

A complete autopsy (Autopsy #25089) was performed three hours after death. Deep 
jaundice was present. The heart was enlarged due to hypertrophy of the left ventricle and 
dilatation of all chambers. The mitral valve was thickened and its chordae tendineae were 
thickened and shortened. There was a small hemorrhagic infarct in the upper lobe of the 
right lung. Otherwise the lungs showed no gross lesions. The liver was enlarged, swollen 
and relatively soft. The spleen was small and scarred, weighing 34 grams. Gross lesions were 
not appreciated in the bone marrow. 

Microscopic study: There was widespread vascular engorgement with sickled erythrocytes. 
The spleen showed characteristic scarring and hemosiderin deposition. Hemosiderin was 
deposited in the renal tubular epithelium. In the liver, in addition to marked sinusoidal 
congestion, the Kupffer cells were stuffed with phagocytized erythrocytes and there were 
widespread focal necroses of hepatic cells. There was a prominent periportal round cell 
infiltration. Aschoff bodies were present in the endocardium of the left atrium and in the 
myocardium. 

In addition to vascular engorgement in the bone marrow, focal necroses were present. 
There were numerous necrotic bone marrow emboli in the medium sized and small pulmonary 
arteries. There was a small hemorrhagic infarct in the right upper lobe. Fat embolization of 
alveolar capillaries was marked. There were numerous fat globules in the renal glomerular 
capillaries. Intravascular fat was not demonstrated in the brain. 

The fall in the hematocrit and the changes in the tissues indicate that the patient was in 
hemolytic crisis during the final events. However, the degree and nature of his jaundice were 
due in part to the changes in the liver. The necroses can be attributed to severe impairment 
of hepatic blood flow by the combined effects of anemia and sinusoidal obstruction by sickled 
red cells and Kupffer cells engorged with phagocytized red cells (1). Although these processes 
seem to be the most likely explanation for the liver cell necroses in this case, the finding of a 
marked periportal round cell infiltrate has not been a feature of the liver changes in the sickle 
cell diseases, even in cases that have progressed to marked cirrhosis. For this reason, the 
possibility that there may be superimposed epidemic hepatitis or homologous serum jaundice 
resultant from prior transfusions cannot be completely excluded. In spite of the marked 
changes in the liver, the bone marrow and fat emboli were probably major contributory fac- 
tors in causing the death of this patient. 

Anatomical Diagnosis: History of sickle cell anemia. Hemorrhages, scarring and Gamma- 
Gandy body formation, spleen. Marked sinusoidal congestion and phagocytosis of sickle 
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cells by Kupffer cells. Widespread focal necroses, liver cells. Periportal mononuclear infiltrate, 
liver, (etiology ?). Jaundice. Pigmented casts, renal tubules. Hemosiderin, renal tubular 
epithelium. Marked vascular engorgement, vessels of marrow with focal marrow necroses. 
Bone marrow emboli, lungs. Small pulmonary infarct. Fat emboli, lungs and renal glomeruli. 
Rheumatic heart disease. Hyaline vegetation and scarring of mitral valve. Scarring and 
Aschoff bodies, left atrium and Aschoff bodies, myocardium. 


CASES FROM THE LITERATURE 


Possibly the earliest report associating fat embolization and a sickle cell 
disease is that of Brittingham and Phinizy (2) in 1931. This case was reported 
as one of “Hemorrhagic Encephalitis” after neoarsphenamine therapy. 

The patient was a 20 year old negress who was being treated with neoars- 
phenamine for latent syphilis. Shortly after an injection of neoarsphenamine 
she complained of sudden and severe back pain. This lasted only a short while, 
but two days later she was admitted to the hospital in coma and died shortly 
thereafter. The autopsy disclosed multiple small hemorrhages in the central 
nervous system. The spleen weighed 230 grams. The red cells were sickled in 
the sections and there was widespread fat embolization. No source for the fat 
emboli was found. 

The first well documented case appearing in the literature in which bone 
marrow necrosis and fat embolization was observed with a sickling abnormality 
was reported in 1941 by Wade and Stevenson (3). 

A 49 year old white Greek female suddenly experienced severe back pain 
which was followed by vomiting. The pain returned in paroxysms over the 
next three days and on the fourth day following the onset of the pain, there 
was a shaking chill followed by coma. The past history was of interest in that 
six years previously she had been surgically explored with the preoperative 
diagnosis of gall bladder disease when she presented to the hospital with right 
upper quadrant pain and tenderness, anemia and slight icterus. The explora- 
tion was negative but the symptoms subsided. “‘Sickled”’ red cells were noted 
in the blood smear and a large number of nucleated red blood cells were also 
seen. Since that time there had been several episodes of “‘pain’’ and pares- 
thesias sometimes associated with “darkening’’ of the skin. The patient on 
admission was critically ill and semi-comatose. Petechiae were noted on the skin 
and conjunctivae. The hemoglobin was 40 per cent. There was anisocytosis, 
poikilocytosis and a large number of nucleated red cells were present in the 
blood smear. The icterus index was 15. Her condition was essentially unchanged 
for 10 days until she became more deeply comatose and died. The autopsy 
showed widespread necroses in the bone marrow. There were fat emboli in the 
lungs, kidneys and brain. Necroses were present in the brain. The spleen 
weighed 350 grams, and showed scarring with iron incrustations. Sickled red 
cells were noted in the sinusoids. 
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Later in 1941 Vance and Fisher (4) reported a similar case. 

A 49 year old negro female who had previously enjoyed good health experi- 
enced sudden, severe low back pain. Twenty-four hours later she became stu- 
porous and was admitted to the hospital in coma. Vital signs included a tem- 
perature of 102°, respirations 26, pulse 98 and blood pressure of 120/80. She 
remained in coma and died twelve hours later. Necropsy revealed a small, 
30 gram spleen in which there was scarring and iron incrustations. Sickled 
erythrocytes were noted in smears prepared from the spleen. There were 
necroses in the bone marrow and fat emboli in the lungs, brain and kidneys. 

In 1942 Wertham (5) reported the following case. 

A 28 year old negro female who was described as being ‘‘mentally peculiar’ 
was admitted to the hospital because of the onset of stupor. She had com- 
plained of intermittent migratory polyarthritis for 5 years. Five days prior to 
admission she developed an upper respiratory infection with cough, chills and 
fever. On the day of admission, she developed pain “all over the body” espe- 
cially in the arms, legs and shoulders. She became stuporous and was admitted 
to the hospital. Scattered petechiae in the skin, conjunctivae and eyegrounds 
were noted. She died on the ninth day of her illness after developing a left 
hemiparesis and convulsions. The autopsy showed a large spleen which histo- 
logically was congested with sickled erythrocytes and contained occasional iron 
incrustations. Sections of the bone marrow showed no necroses and fat was 
present in the lungs, kidneys and brain. 

The most recent case appearing in the literature is that of Wyatt and Orra- 
hood reported in 1952 (6). 

A 27 year old pregnant negress entered the hospital two weeks prior to term 
because of severe pain in the arms, shoulders, and back followed by lethargy of 
three hours duration. Physical examination was not remarkable except for the 
lethargy. Dyspnea and slight icterus developed. Serum bilirubin was 2.4 mgms. 
per cent, most of which was indirectly reacting. Three days later a precipitous 
spontaneous delivery was followed by slight hemorrhage and increasing dyspnea 
and joint pains. Death followed in several hours. At autopsy, the spleen weighed 
1220 grams. There were no other gross abnormalities. Microscopically, the 
spleen revealed intense congestion with sickled shaped erythrocytes. The 
hyperplastic bone marrow showed vascular engorgement and focal necrosis. 
Fat was demonstrated in the capillaries of the lungs, kidneys and brain. 


SUMMARY OF THE CLINICAL FEATURES OF BONE MARROW INFARCTION AND BONE 
MARROW AND FAT EMBOLIZATION IN THE SICKLE CELL DISEASES 


The clinical features of fat embolism following trauma to the fat deposits 
either in bone or soft tissue have been described by numerous authors (7). They 
include in addition to the history of trauma, mild tachycardia and tachypnea, 
shock, fever, mental depression, petechial hemorrhages, funduscopic changes 


SERIE en kel 








Summ 


fol 


— ze SS 








eri- 
stu- 


She 
all, 
led 


rere 


as 


™ @& 





eee ss <) 


tw his Sk ene 


me eT 


RS. Soe 


a> kona 


Snathomtaad 


ate 


erage) 


BONE MARROW EMBOLISM IN SICKLE CELL DISEASES 15 












































TABLE I 
Summary of the Clinical and Pathological Features of Bone Marrow Infarction and Bone Marrow and Fat Embolization 
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(8, 9), fat droplets appearing in the sputum and urine and the demonstration 
of large fat droplets in circulating blood (10). 

Table I includes the outstanding clinical features of bone marrow infarction 
followed by embolization of bone marrow and fat associated with one of the 
sickle cell diseases observed in our three cases and in those gathered from the 
literature. In this group, bone pain was the outstanding initial complaint and 
was present in all cases. Varying degrees of mental depression and fever were 
almost constant features. Petechiae, which would seem to be a valuable diag- 
nostic sign, were not noted in our cases although they were present in the 
majority of the previously reported cases. It is of interest and perhaps of 
significance that two of the six females were pregnant and at or near term at 
the time of death. Recently three cases of rather sudden death occurring in 
pregnant women with sickle cell-hemoglobin C disease were reported from 
Ghana (11). No adequate anatomic explanation for death was described in the 
report. 

In the experience of most (12), fat droplets are observed in the sputum and 
urine only 2-4 days after embolization occurs. Probably the most helpful and 
significant diagnostic procedure is the demonstration of large fat droplets 
(7-12 microns) by a procedure using a water soluble fluorescent fat stain, 
phosphin 3R, as outlined by Peltier (10) in his excellent report. 


DISCUSSION 


It is not intended to discuss the pathology of sickle cell anemia (S-S) or 
sickle cell-hemoglobin C disease (S-C) demonstrated in these cases other than 
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that which pertains to infarction of bone marrow and the subsequent emboliza- 
tion of bone marrow and fat. Since the advent of hemoglobin electrophoresis and 
the division of the sickle cell diseases into distinct genetic types, interesting 
clinical data have resulted. (13, 14) The clinical similarities and differences 
between the various genetic types are becoming more clearly defined. There is 
considerable overlap in the patiology within this group of diseases; however, 
on the basis of the changes in the tissues alone, one can frequently predict 
whether the case is one of sickle cell anemia or one of the genetic variants. Of 
the previously reported cases reviewed here, one can, on the basis of the age of 
onset of symptoms, clinical course, the hematologic data and the size of the 
spleen, reasonably deduce that all of them represent one or the other of the 
genetic variants of sickle cell anemia. It seems likely that the case of the 49 year 
old white Greek female reported by Wade and Stevenson represents sickle 
cell-thalassemia disease. The others are likely to be cases of sickle cell-hemo- 
globin C disease. 

It is probable in the light of present knowledge that the underlying mechanism 
responsible for many of the clinical manifestations of a crisis in the sickle cell 
disease is the obstruction of vascular channels by tangles of sickled erythro- 
cytes. The distention of the intramedullary cavity of the bones by this vascular 
engorgement likely accounts for the bone pain of a crisis. In some cases there 
may be focal infarction of the marrow. Such infarcted foci heal by scarring in 
which there is osteoid deposition resulting in the irregular sclerosis sometimes 
seen in the x-ray films of the long bones (15). 

Necrosis of bone marrow is demonstrated in Figure 1. Infarcted and dislodged 
bone marrow fragments may then gain entry into venous channels within bone 
and pass out into the venous circulation. This is seen in Figure 2. The probable 
explanation for the passage of this material into the venous system has been 
reviewed by Rappaport in reference to bone marrow emboli found in cases of 
traumatic injury (16). Bone marrow is separated by only a single endothelial 
layer from intramedullary sinusoids. These sinusoids communicate freely and 
widely with veins which pass through cortical bone. They are large enough to 
permit passage of large fragments of such material. The veins do not collapse 
in the presence of surrounding injury since they are frequently firmly adherent 
in many places to bone. In such circumstances, the intramedullary pressure is 
greatly increased and augments expulsion of disrupted material into available 
receptors. Embolism of necrotic bone marrow and fat follows. Marrow frag- 
ments are arrested in the pulmonary arterial tree (Fig. 3). A small bony 
spicule found in the necrotic marrow embolus in the main pulmonary artery of 
Case No. 1 is illustrated in Figure 4. Fat globules may become arrested in the 
lungs. (Figs. 5 and 6). However, they may pass through the pulmonary capil- 
lary bed and into the peripheral circulation. Although intravascular fat may be 
demonstrated in any organ, it is most easily seen in the renal glomeruli. (Figs. 
7 and 8). Of greater clinical significance, however, is fat embolism to the brain. 
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The fat emboli are not easily seen in the brain in routine paraffin sections and 
frozen sections stained for fat are necessary to conclusively demonstrate the 
emboli. In all the cases reviewed, signs of mental depression attributable to 
fat embolism were present except in Case No. 1 in which the magnitude of 
pulmonary vascular obstruction was sufficient to cause death before cerebral 
signs would be expected. 


CONCLUSIONS 


In view of the high incidence of the sickle cell diseases and the frequent 
occurrence of bone pain during crises, it seems likely that the apparent low 
incidence of marrow and fat embolism resulting from infarction of the bone 
marrow may be misleading. A review of the autopsy files of this hospital for a 
period covering the last thirty years failed to disclose another case in which fat 
or bone marrow embolism could be identified in the available material. This 
may be due to several factors. The diagnosis may be missed at autopsy since 
there are no striking gross changes and enough sections may not be obtained. 
For example, the material filling the main pulmonary arteries in Case No. 1 was 
thought by numerous observers at the autopsy table to be post-mortem clot; 
however, due to the awareness of the problem created by the two earlier cases, 
sections were taken of this material instead of discarding it as would be the 
usual procedure. A relatively slight degree of fat embolism may be easily 
overlooked in routine paraffin sections and therefore fail to stimulate staining 
for fat. And finally, non-fatal events occurring at remote times before death 
may leave no residue to be specifically diagnosed at autopsy. Authors (7, 12) 
writing on the subject of fat embolism associated with bone trauma stress the 
fact that many cases of fat embolism are overlooked clinically unless there is a 
particular awareness on the part of the physician of this complication and the 
resultant symptomatology. Although it is clearly established that many cere- 
bral and pulmonary manifestations of the sickle cell diseases result from vascular 
occlusions due to tangles of sickled red cells (17, 18) it is suggested that exami- 
nation of the blood for fat droplets during and after crises may show that fat 
and possibly bone marrow embolism account for these manifestations in some 
cases. 


SUMMARY 


Three cases in which bone marrow infarction was followed by embolization of 
bone marrow and fat are reported. Two of the three were of sickle cell anemia 
(S-S) and the third was of sickle cell-hemoglobin C disease (S-C). It was clearly 
the cause of death in two cases and at least a major contributory factor in the 
other. When the clinical data from these three cases are viewed together with 
that from the five other fatal cases of fat embolism occurring in sickle cell 
diseases gathered from the literature, it is apparent that the underlying patho- 
logical changes result in a rather consistent clinical syndrome. It is suggested 
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that this chain of events may be a more common cause of death in the sickle 
cell diseases than is generally appreciated and that they may account for some 
of the non-fatal cerebral and pulmonary manifestations hitherto ascribed to 
vascular occlusions by tangles of sickled cells. 
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EXPLANATION OF PLATES 
(Photographs by Miss Pat Whitney) 
PLATE I 


Fic. 1. Rib marrow from Case No. 1. The marrow on the left is necrotic, contrasting with 
the normal marrow on the right. 


Fic. 2. A large mass of necrotic marrow containing fat is present in a large parasternal 
vein. Case No. 1. 
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PLATE IU 


Fic. 3. Large necrotic bone marrow embolus. Case No. 3. 


Fic. 4. 
Case No. 1 


Necrotic bone marrow with bony spicule taken from main pulmonary artery 
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PLATE II 


Fic. 5. Low power field showing numerous fat emobli in pulmonary alveolar capillaries 
Case No. 3 


Fic. 6 High power of center of field seen in Fig. 5. Case No. 3 
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PLATE IV 
Fic. 7. Fat emboli, renal glomeruli. Case No. 2. 


Fic. 8. High power of glomerulus seen in upper left of Fig. 9. Case No. 2. 
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THE LOCALIZATION OF CIRCULATORY SHUNTS WITH 
INHALED KRYPTON® 


A PRELIMINARY CLINICAL REPORT 


RICHARD J. SANDERS anp ANDREW G. MORROW! 
The Clinic of Surgery, National Heart Institute, Bethesda, Maryland 


Received for publication April 7, 1958 


Laboratory and clinical studies, performed in the course of right heart 
catheterization, have demonstrated that following the inhalation of an inert 
foreign gas, its concentrations in arterial and right heart blood may be used to 
determine the presence or absence of a left-to-right circulatory shunt. The 
value of an inert gas for this purpose was originally demonstrated with nitrous 
oxide, and a comparison with the standard method of measuring oxygen differ- 
ences demonstrated the distinct superiority of the nitrous oxide test (1). Al- 
though the use of cuvette oximeters (2, 3) has made possible the rapid analysis 
of blood samples for oxygen content, this method is still subject to the inherent 
errors concerned with the sampling of vena caval blood and the necessity of a 
steady metabolic state throughout the sampling period. It was considered that 
the use of a radioactive inert gas would provide the sensitivity of the nitrous 
oxide test, but substitute a rapid and simple counting procedure for the 
laborious manometric analysis necessary with nitrous oxide. 

Studies with radioactive gases in experimental animals (4, 5) indicated that 
krypton®* was most suitable for clinical trial. Kr** is presently being used in 
the catheterization laboratories of the National Heart Institute and the initial 
experiences with the technique form the basis of this preliminary clinical 
report. 


MATERIALS AND METHODS 


Nine patients with atrial or ventricular septal defects, one with a patent ductus arteriosus, 
and seven with congenital heart disease, but without left-to-right shunts, underwent right 
heart catheterization. The diagnosis in each instance was substantiated at operation or by 
other diagnostic procedures including aortography, selective angiocardiography, and indica- 
tor dilution curves. 

With the tip of the catheter in the pulmonary artery, and a needle in a femoral or brachial 
artery, the patient was instructed to hyperventilate a mixture of 0.1 to0.4 mc of Kr** per liter 
of air. The Kr®** was administered from a spirometer, connected to the patient by means of a 
closed system including a mask or mouthpiece, nose clip, and a Collins three-way valve. After 
breathing the gas for 30 seconds, the patient was permitted to breathe room air and the ex- 
haled air, containing the radioactive gas, was collected in a Douglas bag for the next five 
minutes. 2 cc. blood samples were drawn simultaneously from the catheter and the needle at 
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various intervals during the 30 seconds of inhalation. The blood samples were analyzed for 
Kr*5 content in an airtight chamber fixed over the window of a Geiger-Muller tube. The Kr** 
was first extracted from the blood by the method previously described (4). The radioactivity 
in the systemic arterial samples ranged from 200 to 4,000 counts per minute. If the results of 
the pulmonary artery test indicated the presence of a shunt, the test was repeated in the 
right ventricle and right atrium to localize it. A blank specimen was always obtained from 
the catheter immediately prior to each test; its value was subtracted from that of each of the 
two samples. Repeat tests were performed after five minutes had been allowed for Kr*® 
desaturation. 

To provide a basis for evaluating the Kr** method, two other diagnostic techniques were 
also employed during each catheterization. Blood samples were obtained from the pulmonary 
artery, right atrium, right ventricle, and each vena cava. Two or three samples were drawn 
from each of these sites and analyzed manometrically for O2 content (6). Nitrous oxide 
tests were performed by having the patient inhale a mixture of 50 per cent N.O, 20 per 
cent Os, and 30 per cent N2 for 30 seconds as blood samples were drawn simultaneously from 
the needle and the catheter, which was in the same position as it had been during the Kr*® 
test. The blood samples for N,O analysis were drawn between the 10th and 30th seconds of 
inhalation and were analyzed manometrically (7). 

The results of the Kr** and N;O tests were described by expressing the concentration in 
the pulmonary arterial or right heart sample as a percentage of that in the corresponding 
systemic arterial sample, or PA, RV, or RA/A X 100. 


RESULTS AND DISCUSSION 


The pertinent catheterization data in all patients are summarized in Table I. 
There were 13 Kr** tests which could be regarded as controls: seven in patients 
without shunts, and six in patients with ventricular septal defect or patent 
ductus arteriosus, when the tests were performed with the catheter tip proximal 
to the site of the defect. In the control group, the highest Kr** sample in mixed 
venous blood was 16 per cent, and the majority of the tests revealed pulmonary 
arterial or right heart samples less than 10 per cent of the systemic arterial 
sample. In 10 patients a total of 24 tests was carried out with the catheter tip 
at or distal to the entrance of a left-to-right shunt. The ratios in 22 tests ex- 
ceeded 20 per cent; the other two were pulmonary artery tests of 16 and 19 
per cent in patients with small atrial septal defects. The right ventricular and 
right atrial tests in each of these patients revealed higher values (patients 14 
and 16). 

The criterion for the diagnosis of a left-to-right shunt by the N.O test has 
been established as a pulmonary arterial, right ventricular, or right atrial 
sample exceeding 20 per cent of the arterial sample. An increase in oxygen 
content of 1.5 vol. per cent from venae cavae into right atrium, and 1.0 vol. 
per cent into right ventricle or pulmonary artery is necessary for a positive 
diagnosis on the basis of oxygen differences. 

When the Kr** and N,O tests were compared, excellent correlation was 
found between the results of the two tests in the same chamber. In most in- 
stances, the ratios differed by only a few per cent. In patient 12, for example, the 
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TABLE I 
Summary of Catheterization Data in 17 Patients With and Without Left-to-Right Shunts 
Patien ol os Kr* Tests N20 Tests O: Samples 
0. ] 7 
RA | RV PA | RA RV | PA | IVC SVC | MVC | RA | RV PA A 

% | % | % | % | % | % | vol. % | vol. % | vol. % vol. % |vol. % |vol. % lvol. % 
1 | Control | — | —| 8|—|—| 9} 12.3} 13.8| 12.8 | 11.7) 11.6 12.2) 15.1 
2 | Control | — | —| 0 md lit | | 10.2 | — | 11.1) 10.3) 11.1) 16.7 
3 Control — |—} O|— at 7 | 13.3 | 13.9 | 13.5 | 12.9] 12.5) 13.0) 18.7 
4 | Control | — |—| 1|—|—| 0} 15.5] 13.3 | 14.9 | 13.6| 13.2| 13.6 17.9 
5 | Control | — |—| 9|—|—| 7| 13.4 12.0| 12.9| 11.7] 13.2| 11.9) 17.0 
6 | Control | — |—| 5|—|—] 4] 12.6| 13.2] 12.8 | 13.0) 12.9] 12.9] 18.4 
7 | Control | — |—|] 2}—|—]| 4] — | 12.0] — | 12.2] 12.5] 12.7] 15.5 

-_ 

8 | PDA 10 16| 65] 8| 9| 66] 8.1| 9.8| 8.7 | 10.3) 10.4) 12,9 14.3 
9 | VSD 13 | 47 | 24| 4| 35 | 35 | 11.6 | 11.4] 11.5 | 11.4] 12.4] 13.5] 15.3 
10 | VSD 13 | $9 70] 6| 83) 65| 8.6) 7.2| 8.1 7.9 12.9| 12.8] 14.3 
11 | VSD | 0/|78|50)—|65| 68} — | 8.5| — | 8.2] 11.4) 11.6] 14.0 
12 | ASD | 68/70/62} 62| 71| 58 13.0 12.6 | 12.9 | 15.8 17.7| 17.6| 20.0 
13 | VSD | 5/32] 24| 5| 29| 28| 14.1 13.6 | 13.9 | 14.2} 16.3) 16.8] 19.8 
14 | ASD 29 | 26 | 16 | 32 | 35 | 25 | 12.6 | 11.0 | 12.1 | 12.6) 12.5) 13.5) 17.7 
is | ASD 57 | 55 | 53 | 50| 60 | 66| — | 10.1) — | 13.7) 14.0} 13.6] 15.8 
16 | ASD |>100 | 47 | 19 | 87 | 47 | 37 | 15.9 | 13.7 | 15.1 | 14.4] 14.7] 14.6 18.2 
17 | ASD | 28 21| 29] 33 | 24| 31 | 13.5 | 12.5 | 13.2 | 13.6 13.8] 13.9] 18.6 














Kr® and N;O tests are expressed as the ratio of the right atrial (RA), right ventricular (RV), 
or pulmonary arterial (PA) level to the systemic arterial level. The oxygen content of mixed vena 
caval blood (MVC) was determined by averaging the inferior vena caval samples (IVC) as twice 
the superior vena caval ones (SVC). Systemic arterial oxygen content (A) was determined from 
brachial or femoral arterial blood. In four patients, the IVC could not be entered. 


greatest difference between corresponding Kr** and N,O tests was 6 per cent, 
while in patient 13, the largest difference was 4 per cent. Patients 14 and 16, 
whose pulmonary artery Kr* tests were below 20 per cent, had N,0 tests of 
25 and 37 per cent, a larger difference, but still in the range suggestive of a 
small shunt. Although precise diagnostic criteria for the Kr** test have not yet 
been established, values similar to those established with N:O should apply. 
Tests below 15 per cent are negative and those over 20 per cent are indicative 
of a shunt. Results between 15 and 20 per cent are considered inconclusive (8). 
On this basis, the correct diagnosis was established with the Kr* test in all 17 
patients. In three patients (8, 14, and 16), the Kr** test in one chamber was 
inconclusive, but tests in other sites made the diagnosis certain. 

A review of the oxygen determinations in Table I reveals that in 5 of the 17 
patients these were misleading or inconclusive. In patient 5, the increase in 
oxygen content of 1.5 vol. per cent between right atrium and right ventricle was 
suggestive of a ventricular septal defect, but the lower content in the pulmonary 
arterial samples indicated either a very small defect or a metabolic change with- 
out a shunt. The Kr* test was clearly negative. The increase between the 
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mixed vena caval and right atrial samples in patient 8 could have led to the 
false diagnosis of an atrial septal defect associated with the patent ductus. The 
increase was probably due to the sampling of laminar blood streams of low 
oxygen content from the inferior cava. The right atrial Kr** test was negative. 
In patients 16 and 17, small shunts into the right atrium were not detected by 
oxygen differences because of the sampling of poorly mixed inferior caval blood 
of high oxygen content. In each instance, the correct diagnosis was made with 
the Kr* test. In patient 14, the oxygen samples indicated that the shunt was 
into the pulmonary artery, but the Kr* test correctly localized it to the right 
atrium. Again, the high oxygen content of the inferior caval samples was re- 
sponsible for masking the correct diagnosis. 

The limitations of the oxygen method are attributable to the variable oxygen 
content of mixed venous blood associated with changes in the metabolic state 
and to the difficulty in obtaining representative samples from the venae cavae. 
The inhalation of an inert gas, such as Kr* or N,O, results in a large difference 
between the arterial and venous levels of the gas which is independent of the 
metabolic state. In addition, since the inert gas content of mixed venous blood 
in patients without left-to-right shunts, never exceeds a fixed percentage of 
the arterial content (15 per cent for N,O) it is possible to establish the presence 
or absence of a shunt without sampling vena caval blood. Although additional 
data in control patients are necessary, it appears that the diagnositc criteria 
for the Kr** test will approximate those for N,O. Similarly, estimation of the 
magnitude of a left-to-right shunt from the results of a Kr** test should be 
possible by the application of the mixing formula described for the N,O test (8). 


SUMMARY 


A method for the detection and localization of left-to-right shunts by the 
inhalation of a radioactive inert gas, krypton*, is described. During cardiac 
catheterization in 17 patients with and without shunts, the gas was inhaled for 
30 seconds as samples were drawn simultaneously from a systemic artery and 
right heart chamber or the pulmonary artery. The presence or absence of a 
shunt was correctly indicated in every instance by the relative radioactivity of 
the right heart sample. The Kr* test was found more accurate than the method 
of determining oxygen differences and the rapid analysis of the samples with a 
Geiger counter made the results of the test available during the course of the 
catheterization. 
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PROTEIN FRACTIONS OF CHICK EMBRYO EXTRACT AND THEIR 
GROWTH EFFECTS IN TISSUE CULTURE!? 
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Continuous im vitro propagation of certain cell strains has been achieved 
recently with chemically defined media free of protein components (1, 2). 
Supplements of serum or embryo extract added to such synthetic media can 
further augment the rate of cell proliferation (3). These natural products 
usually provide optimal growth conditions and for this reason constitute the 
basis of most conventional tissue culture media. 

Sanford et al. (4) made a study of serum protein fractions prepared by the 
Cohn ethanol procedure in an effort to isolate a specific protein. Growth- 
promoting activity proved to be substantially the same in all the serum frac- 
tions, suggesting a non-specific basis for the stimulant effect. 

Previous work on the protein factor in embryo extract has been confined 
largely to the examination of the nucleoproteins, following the initial suggestive 
findings of Fischer and Astrup (5). Kutsky (6) obtained an active nucleoprotein 
fraction by selective precipitation with streptomycin. It is indicated however, 
in a more recent paper of Kutsky and Harris (7), that the activity may reside 
in the protein moiety from which the nucleic acid has been removed. 

The uncertain status of the embryo extract protein factor, especially in 
regard to its identification as a nucleoprotein, prompted us to approach the 
isolation problem with a more generalized fractionation technique. Some pre- 
liminary tests by Fischer (8) and by Baker and Carrel (9) suggested that 
alcohol precipitation might yield an active product. The low-temperature 
ethanol system of the E. J. Cohn laboratory (10), with its careful adjustment 
of chemical conditions, was found to be well adapted to the processing of the 
chick embryo proteins. In contrast to the uniform distribution of serum ac- 
tivity, the growth stimulant property of embryo extract was found to be 
localized in a definite protein fraction, precipitable at near neutral pH by a 
relatively low level of alcohol. 


! This investigation was supported in part by a research grant, C-1841, from the National 
Cancer Institute of the National Institutes of Health, U. S. Public Health Service. In part 
it was aided by a grant from the American Cancer Society. 

2 A preliminary report was presented at the meetings of the Federation of American 
Societies for Experimental Biology. Federation Proceedings, 1957, 16: 332. 
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PROTEIN FRACTIONS OF EMBRYO EXTRACT 


METHODS 


Embryo extract was prepared by homogenizing frozen 12 day chick embryos for one 
minute in a Waring blendor with an equal volume of 0.15 M ice-cold sodium chloride. After 
centrifugation the supernatant fluid was stored in a freezing cabinet. When thawed, a small 
amount of insoluble residue separated out and this was again removed in the centrifuge. 

The 7.2-20 fraction, precipitated at pH 7.2 by 20 per cent alcohol, was prepared by the 
dropwise addition of 80 per cent ethanol at —5°C. The precipitate was redissolved in one- 
half the original extract volume of ice-cold 0.15 M sodium chloride and the solution was 
lyophilized to remove last traces of alcohol. The 5.4-20 preparation was similarly handled 
except for initial adjustment of pH to 5.4 with 1.0 M acetate buffer of pH 4.0. Upon resus- 
pension of the precipitate in sodium chloride the pH was brought back to neutrality with 
1.0 M disodium phosphate. 

The lyophilized powder was reconstituted with Gey’s balanced salt solution, modified 
by omitting sodium chloride, this being already present in the powder. After clarification 
in the centrifuge, the solution was pressure filtered through a succession of Selas porcelain 
filters of diminishing pore size. The final filtration, through a sterile No. 02 candle, served 
to sterilize the preparation. The operations were carried out at near 0°C. Protein content 
was determined with the biuret reaction (11). A blank reading on non-protein biuret-reacting 
material was obtained by applying the color reaction to the embryo extract ultrafilicate. 

Ultrafiltrate of embryo extract was prepared by pressure filtration through a Hiskey 
(The Emil Greiner Co.) high speed molecular filter, consisting of an extremely thin cellulose 
membrane mechanically supported by cotton braid. 

The products were assayed in roller-tube cultures of 16 day chick embryo heart. Three 
cultures were implanted on the surface of a chicken plasma coagulum containing 0.1 per 
cent methylcellulose (Dow, Methocel, 15 cps) as a clot-wetting agent (12). The fluid nu- 
trient medium consisted of 2 parts, human cord serum; 1 part, ultrafiltrate of chick embryo 
extract; 1 part, test protein in Gey’s solution. The dimensions of the cultures, the major and 
minor diameters, were read with a measuring microscope by attaching the culture tube to a 
vertically oriented mechanical stage reading to tenths of a millimeter by vernier. Readings 
taken on the 5th day seemed best suited for comparative evaluation. 

The original explants were cut approximately 2 mm. on a side, and from these there was 
further selection of tissue fragments for uniformity of size. A dose-response curve was ob- 
tained in a calibration experiment set up with graded concentrations of embryo extract. 
The area of the explant was included in the total area of the culture, this being done in the 
calibrating experiment as well as in the test. Fluctuations in area of the cultures arising from 
variations in the size of the initial explants are represented in the standard error. The errors 
were well within the limits required for our rough screening of the protein fractions. 


RESULTS 


Preliminary fractionation, Table I, gave a survey of the distribution of 
growth-promoting activity. The detailed schedule of the Cohn fractionation 
methods was not adhered to in processing the tissue extract. Table I gives the 
conditions for precipitation and the relative growth effects of the fractions. 
The most active material, fraction 1, was separated at a slightly alkaline pH 
with 20 per cent alcohol. 

In the type of treatment where three fractions are separated successively 
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TABLE I 
Qualitative Growth Effects of Ethanol Fractions from Chick Embryo Extract 
Fraction pH | Ethanol Vol. % | Growth Stimulation 
Fraction 1 é' 7.4 20 ++++ 
Fraction 2 ', ee 4.6 20 ++ 
I 5 Slam pha re hie ina eee 4.6 40 0 
Temperature —5°C. r/2 = 0.15 
TABLE II 
Growth Measurements on Protein Fractions from Chick Embryo Extract 
ik | 
Pe Protein of = 
Test Material | Aree” of Culture |pActgiy.of,| Wiemsge | Yield | Test Soim- | Activity Rete, 
. % constituted ° mg./ml. % 
Calibration experiment 
EE (100)t | 58 + 3.6 100 1 100 11.6 100 
EE (530) | 50+ 2.8 
EE (25) 39 + 2.3 
EE (0) 20 + 1.9 
Measurements on protein fractions 
7.2-20 444+2.5 | 36 Lo 18 5.4 78 
5.4-20 44+ 2.4 38 M6 19 20.0 22 
| 

















* Mean and Standard Error. 6 cultures in 2 tubes for each value. Measurements made on 5th 
day of growth in test medium. 


t Embryo extract made up }4 of fluid medium at maximum dosage level. 


from a single batch of extract there is considerable risk of denaturation. To 
reduce such loss to a minimum, the procedure was altered to involve only a 
single exposure to alcohol. Data for these preparations are given in Table II. 
Fraction 7.2-20 corresponds to the above designated fraction 1; the 5.4-20 
preparation, in all likelihood, includes fraction 1 together with the major 
portion of fraction 2. 

The 7.2-20 precipitate elicited the better response relative to protein content. 
The 5.4-20 material, with about four times the protein, gave rise approximately 
to the same area of outgrowth. It should be noted however that there was 
some evidence of greater density of outgrowth with the 5.4-20 preparation. 
Plate I shows the general appearance of representative cultures grown in the 
absence of embryo extract and in media containing whole extract and the 
separated protein fractions. 


DISCUSSION 


The residual proteins of dialyzed serum and embryo extract were found by 
Fischer (13) to be inadequate for cell proliferation in the absence of certain low 
molecular weight accessory factors. Activity was restored by replacing the 
diffusible substances with an ultrafiltrate of embryo extract or with a synthetic 
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mixture of amino acids, vitamins, carbohydrates, and other small-molecular 
substances. For the critical testing of isolated proteins it is important to pro- 
vide in the background medium the auxiliary non-protein nutrients. These 
have been supplied in our test medium by cord serum and by ultrafiltrate of 
embryo extract. 

Another feature desired in an assay of protein fractions is insensitivity to 
non-specific protein effects. This can be achieved with a high background level 
of neutral protein in the culture medium, since this would minimize the super- 
imposed effect of added protein as such. The cord serum, making up 50 per 
cent of our fluid medium, serves this purpose. 

The growth stimulant effect of protein derived from embryo extract was 
pronounced under our culture conditions, with explanted tissue fragments on a 
plasma substrate. On the other hand, in replicate cultures of strain L mouse 
cells, grown on glass, Sanford ef a/. (14) found that the residual proteins of 
dialyzed embryo extract could be eliminated without appreciable reduction 
in potency of the culture medium. 

Despite the usual success of the cold ethanol method in preserving labile 
proteins, no more than 20 per cent of total activity was recovered in our final 
product. Losses were the same whether ethanol precipitation was carried out 
at pH 7.2 or 5.4, making acid denaturation unlikely. Precipitation at lower 
ionic strength with lower concentrations of alcohol may possibly improve the 
yield. In terms of specific activity based on protein content, the 7.2-20 product 
again fell below the untreated embryo extract, registering a value of about 80 
per cent. It is evident that the significance of this study does not lie in the 
attainment of high purification or even of good yield. It rests rather on the 
demonstration that the embryo extract principle can be subjected to the 
chemical manipulations of protein fractionation with differential concentration 
of activity and without prohibitive losses. 


SUMMARY 
Protein fractions from chick embryo extract, prepared by the Cohn low- 
temperature ethanol procedure, were tested for growth-promoting effects in 
roller-tube cultures of chick embryo heart. Activity was differentially localized 
in a fraction precipitated at near neutral pH by 20 per cent alcohol. 
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Plate I 


Representative roller-tube cultures of 16 day chick embryo heart, to show extent of 


outgrowth at 5 days in various experimental media. Hematoxylin and eosin. « 60 


A. Ultrafiltrate of embryo extract (EEUf) + cord serum. 


B. Whole embryo extract + cord serum. 
C. 7.2-20 fraction + EEUf + cord serum. 
D. 5.4-20 fraction + EEUf + cord serum. 
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ABSTRACTS OF PAPERS PRESENTED BEFORE THE MEETING 
OF THE JOHNS HOPKINS MEDICAL SOCIETY, APRIL 14, 1958 


THE FAILURE OF MANUAL ARTIFICIAL RESPIRATION’: 
PETER SAFAR 


Five methods of artificial respiration were studied in 25 anesthetized and curarized adults. 
Tidal volumes were recorded with a spirometer (oronasal mask) during performance of the 
manual methods and with a volumetrically calibrated pneumograph during performance of 
the mouth-to-mouth methods. The manual methods were studied with and without endo- 
tracheal tube, with and without oropharyngeal airway, and with and without extension at 
the atlanto-occipital joint (chin up, front of the neck stretched). The average tidal volumes 
moved by the Back-Pressure Arm-Lift method: without endotracheal tube (method taught 
nationwide since 1951) 126 ml.; with extension of the head 520 ml.; with endotracheal tube 
655 ml. In 11 of 15 “victims” studied without endotracheal tube all tidal volumes were 
smaller than the estimated dead space. Similar results were obtained with the other manual 
methods. The spirograms suggest various types of pharyngeal obstruction due to flexion or 
torsion of the neck. With the mouth-to-mouth methods (without endotracheal tube), tidal 
volumes between 1000 and 2000 ml. were moved in all “victims” studied. 

The degree and incidence of upper airway obstruction was studied in 80 anesthetized 
patients who were breathing spontaneously. In this study no curare drugs were used. When 
the neck was flexed (chin down) there was complete airway obstruction in all patients, even 
when an oropharyngeal artificial airway was in place, in the prone as well as the supine 
position. With extension at the atlanto-occipital joint only, the airway was open in 50 per 
cent of the patients. The other 50 per cent required in addition to extension either forward 
displacement of the mandible or an artificial oropharyngeal airway, or both. 


THE RENAL SYNTHESIS OF BLOOD SUGAR 
Wiiiiam P. McCann AND JAMES R. JUDE 


Evidence that the kidney can synthesize glucose in excess of its requirements and can 
deliver it into the circulating blood has been presented by other workers. Studies of glucose 
production by kidney slices in vitro and measurements of renal arteriovenous differences for 
glucose have been described. It is difficult, however, to interpret the physiological significance 
of these previous reports for several reasons. For example, all previous studies have employed 
glucose assay procedures which lack optimal specificity and precision. Furthermore, experi- 
ments in whole animals have been done in the presence of anesthesia, acute operative trauma, 
ureteral ligation, and in some cases hepatectomy or evisceration. 

In order to re-evaluate this phenomenon, glucose concentrations have been measured in 
the blood and plasma of the renal vein and aorta in calm, unanesthetized dogs in whom 
plastic catheters were implanted in these vessels at a prior operation. The time period be- 
tween the initial operation and the definitive experiments ranged from 2 days to 3 weeks. 
Glucose assays were performed by a method which depends on the enzyme glucose oxidase. 
The surgical and analytical techniques were described. 

The data obtained indicate that in the unanesthetized dog, previously fasted for 16 to 18 
hours, the glucose concentration of the renal vein blood is almost always higher than that 











1 This study was supported by the Research and Development Division of the Surgeon General, 
Department of the Army, under Contract No. DA-49-007-MD-858. 
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in the aorta. In eight dogs, the mean plasma increment was +1.9 + .46 mg/100 ml. In one 
dog in whom both whole blood and plasma increments were measured, the mean whole blood 
increment was +.97 + .202 mg/100 ml, and the corresponding plasma increment +1.49 
+ .212 mg/100 ml. In two dogs, catheters were also placed in the inferior vena cava, where 
the plasma glucose concentrations were consistently lower than in the aorta. 

The increments in glucose concentration seen in the renal vein cannot be explained by 
hemoconcentration, which could account for an increment of only .2 or .3 mg/100 ml. The 
data obtained are interpreted to indicate a renal glucose production of 9.5 to 18.5 mg/kg 
body weight/hour which is estimated to be within the broad range of 4 to 13 per cent of the 
hepatic glucose output. 

It is suggested that this renal glucose production is not specifically directed towards the 
regulation of the blood glucose concentrations, but that it may have a bearing on some of the 
intrinsic activities of the nephron. 
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BOOK REVIEWS 


A Manual of Paper Chromatography and Paper Electrophoresis, 2nd edition. By RICHARD 
J. Brock, Emmett L. DurruM AND GUNTER ZwEIG. 710 pp., $12.80. Academic 
Press, New York, N. Y. 

The second edition of this very comprehensive manual on paper chromatographic and 
paper electrophoretic methods has added a good deal to the material included in the first 
edition of only three years ago. The number of papers in the literature of chromatography 
increased constantly for awhile, but it would seem that the acceleration rate is now decreas- 
ing. In comparing the material of this volume with the first edition, one finds that there are 
a few additional explanations provided for the mechanism involved in chromatographic or 
electrophoretic separations. The new material is of necessity restricted largely to an exposi- 
tion of variations in methods and the use of solvent systems to substances being separated. 

In the first edition of this book, I believed and I found company with other reviewers, 
that Durrum’s section on paper electrophoresis seemed a poor stepchild to the main body of 
chromatographic material. This situation is not greatly corrected in the present edition. 
More critical evaluation of comparative results of electrophoresis, of serum, for example, 
with different methods of paper electrophoresis, and a more critical and complete discussion 
of the problems involving quantitation seem indicated. 

As must occur with textbooks in a rapidly expanding field such as this, the books are 
hardly in press before they are out of date in certain respects. The use of agar gel electro- 
phoresis, for example, is becoming increasingly useful, but is considered in the barest detail 
in this book. Overall, this text should continue to be a useful reference source but is not 
without its faults of omission. 

ERNEsT W. SMITH 


Occupational Diseases of the Skin, 3rd edition. By Louts Schwartz, Louis TULIPAN AND 
DoNnALD J. BrrMINGHAM. 381 pp., $18.00. Lea & Febiger, Philadelphia, Pa. 

In our dermatologic library is an extremely worn copy of the second edition of this book. 
This appearance gives mute testimony to the fact that the reference source of occupa- 
tional dermatoses has almost constant use in the practice of dermatology as well as of 
medicine in general. 

The book is written in a very readable fashion which is a notable achievement itself, in 
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view of the fact that so many hundreds of individual agents and the resulting damages are 
considered. There are very useful chapters listing the appropriate concentrations of sub- 
stances to be used in patch tests, covering nearly 700 such preparations. Extensive lists of 
irritating plants, waxes, resins are particularly valuable sources of reference. The book is 
divided, as in previous editions, into chapters concerning hazards of radiation, dermatoses 
caused by acids, by alkalis, by metals and those caused by hydrocarbons. Synthetic dyes, 
wearing apparel, cosmetics and detergents are each handled individually. Insecticides and 
fungicides, the number of which has been increased enormously, the dermatoses of leather 
manufacture, and varnish and lacquer, solvents and irritant plants and woods are discussed. 
And, in a final chapter, the skin hazards of each of many occupations listed alphabetically 
provides a very useful cross-reference of the material. This book meets all the criteria for a 
valuable textbook. It is pertinent, readable, to the point and completely encylopedic con- 
cerning a topic of common and constant interest. 
Ernest W. SMITH 


Clinical Electrocardiography. The Spatial Vector Approach. By Robert P. GRANT. 225 pp., 
$7.50. McGraw-Hill Book Co., New York, N. Y. 

The prospective reader of this book should not be turned away by the phrase “spatial 
vector approach” which appears in the title. This book is not concerned with the vector 
loops recorded by complex lead systems and cathode ray oscilloscopes. Dr. Grant utilizes the 
vector approach to present a sensible, flexible, physiological method for interpreting the 
conventional electrocardiogram. In the author’s words, ‘An electrocardiographic deflection 
is, after all, simply a measurement of components of electrical forces, and therefore the most 
rational and objective method for handling this information is to express it in the form of 
directed electrical forces or vectors.’’ There can be no question about the truth of this state- 
ment and it is a pleasure to see all the isolated bits of clinical electrocardiographic lore fit 
neatly into a unified concept. 

The vector approach emphasizes the fact that the different leads merely view the same 
phenomenon from different vantage points. This concept of interpretation is unquestionably 
superior to the older method based on patterns and contours in individual leads. A simple 
presentation of QRS and T vectors on the conventional triaxial frontal plane reference 
system is used throughout the book. This display of information can be produced from the 
conventional leads in a few seconds. Unfortunately, however, there are still rules and laws 
which must be remembered to separate the normal from the abnormal records. It is not easy 
for one experienced in older methods to convert to “vector thinking” and as the author 
points out, probably not worthwhile in most instances. In difficult problems such as myo- 
cardial infarction in the presence of bundle branch block and the so-called “abnormal T 
wave”’, it is undoubtedly worthwhile to draw out the vector pattern. In these two cases the 
vector method may be useful in separating normal and abnormal records where inspection 
alone is often inconclusive. 

The book will provide a healthy introduction for the student, but will probably need to be 
supplemented by a book covering the practical problems of interpretation in the terms used 
by the majority of today’s electrocardiographers. Established electrocardiographers will 
enjoy and profit from this book and will realize that the vector approach offers a more nearly 
accurate interpretation of electrophysiological events and is, therefore, certain to become 
more popular and useful. 
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The Clinical and Immunologic Aspects of Fungous Diseases. By J. WALTER WILSON. 280 pp., 
$6.75. Charles C Thomas, Springfield, Il. 

This small volume is designed to supplement existing textbooks of mycology by presenting 
a detailed account of the clinical and immunologic aspects of fungous diseases of man. The 
author’s objectives are achieved in part, for the immune response to mycotic infection is 
described clearly and completely, and these chapters make up the most interesting and 
instructive portions of the book. However, the clinical manifestations are considered only 
briefly and unfortunately, rather superficially, and add little to existing texts. 

Persons with more than a casual interest in mycotic diseases will find the book enjoyable, 
possibly stimulating, because the author has ended a period of “conservative waiting” by 
presenting “theory and concept” formulated during 25 years of practice in this field. 

Epwarp W. Hook, Jr. 


Medical Radiation Biology. By FrrepricH ELLINGER. 945 pp., $20.00. Charles C Thomas, 
Springfield, Ill. 

This is a monumental compendium of information concerning the biologic and medical 
effects of electromagnetic and corpuscular radiations. It includes a surprising amount of 
detail, along with references to reviews as sources of full detail wherever possible. It is well 
organized, and is integrated as befits the author’s stature in the field. Dr. Ellinger, who is 
Chief Radiation Biologist and Head of the Pharmacology Division, Naval Medical Research 
Institute, has put all of his vast knowledge and experience into his book. Its scope is en- 
cyclopedic. 

It would be of great value for its bibliography alone. 4600 references, many going back to 
the pioneer days of radiation physics, are ably cross-indexed and used to excellent advantage 
in documenting the text. For example, the law of Grotthuss and Draper, stating that only 
absorbed radiant energy is capable of inducing physical or chemical changes in matter, 
seems so obvious today as scarcely to need support. The book cites the original and con- 
firmatory publications, in 1819 and 1841-45. There is similar meticulous documentation for 
most points discussed in the text. 

Many nice and careful distinctions are made, such as the difference between radiorespon- 
siveness and radioresistance. It is not generally appreciated that although the lymph nodes 
are responsive to relatively small amounts of radiation, they are quite radioresistant, re- 
generating after exposure to large doses. On the other hand, broad generalizations are 
occasionally made on inadequate evidence, and lapses into ambiguity are not rare. 

One of man’s greatest problems is to accept and live within his limitations. As the author 
points out in his preface, for one man to attempt a book of this vast scope is fraught with 
dangers, some of which he proceeds forthwith to demonstrate. His point of view is valid, 
whether or not held universally, but his work suffers from lack of editing. It contains many 
errors of fact, some undoubtedly careless and others probably results of confusion in a welter 
of detail. The dermatologists will scarcely agree that “. . . the skin is only 1 cm. thick of which 
the basal layer averages between 0.5 and 1.0 mm...” Failure to distinguish between total 
body irradiation and exposure of a localized field can be misleading, as can failure to take 
adequate cognizance of differences in quality as affecting depth-dose and, consequently, 
biologic effect. In a work of this magnitude, done by one man, such errors can be condoned, 
but they are inevitably disturbing and they may leave questions about the degree and nature 
of the error. 

The book is badly in need of other proof-reading. It is not in the author’s native tongue, 
and frequently reads as though translated literally from another language. Errors in spelling, 
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which abound, are usually merely annoying, but flaws in grammar and punctuation are 
sometimes so bad as to obscure the author’s meaning. This is unfortunate, for what he has to 
say is well worth lucid presentation. Such errors could have been obviated so easily that it is 
difficult to forgive the publisher for not having seen to them. 

The author’s wish to be all things to all people is understandable, but somewhat ambitious. 
The work presupposes at least a passing acquaintance with radiation physics, and may 
therefore be a little beyond the scope of the average physician. The radiologist, the der- 
matologist, and the radiation biologist, however, will find it invaluable for many reasons, 
not least its organization of the subject. 

The paper is good, the type clear and legible. The table of contents is amply detailed. 
The use of capitals to emphasize points whose importance eludes the reader may become 
annoying. 

Faults notwithstanding, this is a colossal contribution to a vast and complex field. To this 
reviewer, the work seems destined to be the great fount of information, the starting point of 
every review, and the foundation of every well-documented paper to come in this entire field. 

Mark HOLLANDER 


Schedules of Reinforcement. By C. B. FeRsTER AND B. F. SkInNER. 741 pp., $6.50. 
Appleton-Century-Crofts, New York, N. Y. 

Experimental psychologists are appearing more and more frequently in medical research 
settings. A powerful impetus to this collaboration has been the search for ways of assaying 
and studying drugs that are aimed at the modification of behavior. But the methods and 
concepts of the experimental psychologist are pertinent to a broader range of problems in 
medical research than just those in psychopharmacology. In a volume that even before its 
publication was certain to achieve the status of a handbook, Ferster and Skinner demonstrate 
the potency of some of these methods and concepts in the study and control of behavior. 

Schedules of Reinforcement is the most recent statement of the position to which B. F. 
Skinner, Edgar Pierce Professor of Psychology at Harvard, has swung a large number of 
American experimental psychologists. Partly, this is due to the success he has had in apply- 
ing his techniques to the control of behavior, partly to disillusionment with other programs. 
The book itself reports five years of intensive research in collaboration with C. B. Ferster. 

Skinner’s approach to the study of behavior can be illustrated by the experimental situa- 
tion that is the basis for nearly all of the data reported in the book. This is one in which a 
pigeon, in an enclosed box, pecks at a translucent key to obtain access to grain for a few 
seconds. The frequency of responding, i.e., pecking, is taken to be the basic datum in the 
description of behavior. This frequency is affected by a number of variables, including, of 
course, hunger; but Skinner is mainly interested in the effect of reinforcement schedules—the 
correlations between responses and reinforcements. The latter are defined as events which 
increase the frequency of responding. Usually, the reinforcement is the presentation of food, 
but it can be a variety of other things as well, such as the withdrawal of a noxious stimulus. 

The pigeon can be allowed access to food every time it pecks the key. But reinforcement 
does not have to be delivered each time. We may, for instance, require the bird to make a 
pre-determined number of responses (either fixed or variable) to obtain food. This is a ratio 
schedule. Or, we may deliver a reinforcement for the first response made after a specified 
period of time, again either fixed or variable. This is an interval schedule. By exploiting these 
two basic parameters of a reinforcement schedule (time and number), one can devise sched- 
ules that are extremely complex and in which behavior is maintained even though reinforce- 
ments occur intermittently. Each schedule produces a characteristic effect on the frequency 
and temporal distribution of responses. 
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The book is arranged in chapters corresponding to the various kinds of schedules that 
Ferster and Skinner have investigated. Studies of the effects of drugs and brain lesions are 
also reported. In one of these experiments, the bird worked on a variable interval schedule 
and was reinforced with grain infused with phenobarbital. When enough of the drug had been 
consumed so that the rate fell below a certain value, the reinforcement was switched to clean 
grain until the rate reached the previous level, then switched back to the drug-infused grain. 
This was an attempt to establish a behavioral criterion for repeated administration of a drug 
rather than the criteria commonly used. While it did not turn out to be completely successful, 
the experiment illustrates how Skinner’s methods may be extended to a wide range of prob- 
lems that involve behavior. 

The arrangement of the book reflects the thorough empiricism of its authors, for in it one 
finds no attempt to formally order the data by some sort of scheme or model. This feature 
makes it difficult for the reader unacquainted with Skinner’s work to grasp exactly what the 
authors are trying to do. But if one realizes that their aim is an exhaustive catalog of how 
reinforcement schedules shape and control behavior, then even the nonpsychologist reader 
can read it with profit, for it mirrors just what is happening on some of the most vigorous 
frontiers of behavior science. 

BERNARD WEISS 


Oral Medicine. Diagnosis and Treatment, 3rd edition. By Lester W. BuRKET. 558 pp., 
$14.00. J. B. Lippincott Co., Philadelphia, Pa. 

Dr. Burket’s wide experience in both Medicine and Dentistry has helped him accomplish 
the difficult task of describing the relationships between oral and systemic diseases. The book 
is a comprehensive, well organized, significant and thoroughly practical, well written treatise. 
The general format of this, the third edition, is unchanged. Increase in knowledge about 
diseases affecting the oral cavity and progress in therapy necessitated complete rewriting 
of many chapters and revision of others. The sections devoted to illnesses of major clinical 
importance have been expanded. The bibliography has been revised. Key references of 
current research and therapeutic developments have been added. 

The second section of the book deals with more localized manifestations of illnesses on 
gingivae, gums, lips and oral mucosa. It includes metal intolerance, intoxication and allergic 
manifestations. The third section is devoted to diseases of the tongue and dermatologic 
diseases of dental interest. In other sections are discussed: diseases of the organ systems; 
nutritional deficiencies and metabolic disorders; specific infectious granulomata; focal infec- 
tion, dental pediatrics and Gerodontics; occupational hazards in dentistry and industry. 
Section nine, written by S. Gordon Castigliano, is devoted to oral cancer and discusses its 
general aspects: diagnosis, differential diagnosis, localization, incidence, general principles of 
treatment, etc. A small color atlas and a regional diagnostic index form the last two sections 
of the book. Many illustrations in black and white are in life-size. They are of excellent 
quality and of great value in clarifying certain points in the text. Extensive bibliographies 
appear at the end of each chapter. 

The paper, printing, and manner of presentation make this book a delight to read. Between 
its covers the dentist and physician will find much valuable information and assistance 
enabling him to carry the large share of responsibility for his patients’ health. The present 
edition should, even more than the previous editions, serve as a basic work in oral medicine. 
It can be recommended with enthusiasm for medical students, dentists and physicians, also 
for reference libraries. 

GrorGE T. NAGER 
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BOOKS RECEIVED FOR REVIEW 


The Brain and Human Behavior. (Research Publications of the Association for Research in 
Nervous and Mental Disease, Vol. 36). Edited by Harry C. Sotomon, STANLEY Copp 
AND WILDER PENFIELD. 564 pp., $15.00. The Williams & Wilkins Co., Baltimore, Md. 

Ciba Foundation Symposium on Chemistry and Biology of Mucopolysaccharides. Edited 
by G. E. W. WoLsTENHOLME AND MAEVE O’Connor. 323 pp., $8.50. Little, Brown & 
Co., Boston, Mass. 

Group Processes. Transactions of the Third Conference Oct. 7, 8, 9 and 10, 1956. Edited by 
BERTRAM SCHAFFNER. 328 pp., $4.00. The Josiah Macy, Jr. Foundation, New York, 
N. Y. 

A Laboratory Guide in Chemistry, 3rd edition. By JosepH H. Roe. 244 pp., $2.50. The C. V. 
Mosby Co., St. Louis, Mo. 

The Medical Management of Cancer. By Henry D. D1amonp. 179 pp., $6.75. Grune & 
Stratton, New York, N. Y. 

Polysaccharides in Biology. Transactions of the Second Conference April 25, 26 and 27, 
1956. Edited by Georc F. SprinceEr. 245 pp., $5.00. The Josiah Macy, Jr. Foundation, 
New York, N. Y. 

Principles of Research in Biology and Medicine. By Dwicur J. INGLE. 123 pp., $4.75. J. B. 
Lippincott Co., Philadelphia, Pa. 

Psychiatric Nursing. Syllabus and Workbook for Student Nurses, 2nd edition. By LENORE 
KrmBa tt. 186 pp., $3.00. The C. V. Mosby Co., St. Louis, Mo. 

Psychoprophylactic Preparation for Painless Childbirth. By IstporE BoNsTEIN. 143 pp., 
$2.50. Grune & Stratton, New York, N. Y. 

Self-Teaching Tests in Arithmetic for Nurses, 5th edition. By RutH W. JEssEE. 137 pp., 
$2.40. The C. V. Mosby Co., St. Louis, Mo. 

Sherrington, Physiologist, Philosopher and Poet. By THE RiGHT HONOURABLE LoRD COHEN 
oF BIRKENHEAD. 108 pp. Liverpool University Press, Liverpool, England. 

Tuberculosis in White and Negro Children. Vol. I, The Roentgenologic Aspects of the 
Harriet Lane Study. By JANet B. Harpy. 122 pp., $7.50. Published for the Common- 
wealth Fund by the Harvard University Press, Cambridge, Mass. 

Tuberculosis in White and Negro Children. Vol. II, The Epidemiologic Aspects of the 
Harriet Lane Study. By Miriam E. Brarey. 103 pp., $4.50. Published for the Common- 
wealth Fund by the Harvard University Press, Cambridge, Mass. 

Ward 4. By James Howarp Means. Foreword by CHARLES SIDNEY BURWELL. 187 pp., 
$4.50. Harvard University Press, Cambridge, Mass. 
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CHRONOTROPIC RESPONSES TO SYMPATHOMIMETIC AMINES 
IN EXPERIMENTAL COMPLETE HEART BLOCK: THE IN- 
FLUENCE OF PENTOBARBITAL, HYDROCORTISONE, AND 
ACID-BASE CHANGES'! 


SAMUEL H. BOYER IV? ann ARTHUR W. CHISHOLM? 
The Department of Medicine, The Johns Hopkins University School of Medicine and Hospital 


Received for publication May 6, 1958 


The treatment of Stokes-Adams disease is frequently unsuccessful. The 
voluminous literature devoted to this disorder includes few attempts (1, 2) 
to clarify therapeutic problems through the study of laboratory animals. This 
is surprising since procedures for creating chronic complete heart block in 
dogs were described by Erlanger (3) more than fifty years ago. Such prepara- 
tions are well suited for the study of Stokes-Adams disease for several reasons. 
The course of the experimental disease often resembles the acquired human 
condition and the animals are free of arteriosclerosis and intrinsic disease of 
conducting tissue. 

For these reasons we began the study of pharmacologic reactivity of ventricu- 
lar pacemakers in dogs with surgically produced complete heart block. Our 
first objective was to determine the relative effectiveness of isoproterenol, 
l-epinephrine and levarterenol as chronotropic agents. Our second objective 
was to attempt to modify such responses by a variety of substances having 
experimental or clinical value. The influence of pentobarbital was studied as 
a necessary preliminary to experiments which required anesthesia. Adrenal 
cortical steroids have been described as clinically useful in Stokes-Adams 
disease (4), and their effects upon sensitivity to sympathomimetic amines 
were consequently of interest. The use of hypertonic solutions of sodium lactate 
in patients with complete heart block has produced conflicting reports. Bellet, 
Wasserman and Brody (5, 6) have favored the use of this agent as a safe and 
effective means of increasing ventricular rate. Others (7) have observed hazard- 
ous arrhythmias following its administration. The mechanisms whereby rate 
is accelerated and arrhythmias produced remains obscure. Consequently the 
effects of alkalosis were studied in the dog in an effort both to resolve con- 
flicting observations and to clarify the mechanisms involved. Acidosis is known 
to produce atrial slowing (8, 9). The degree of such slowing is usually insufficient 
to have clinical importance. However, when heart rate is initially slow, as it 
is in complete heart block, any further slowing decreases cardiac output (10). 

1 This study was supported in part by Research Grant HF-6308-C of the United States 
Public Health Service. 

2 Post doctoral fellow, National Heart Institute, United States Public Health Service. 

3 University of Toronto Beatty Foundation Fellow in Residence. 
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It seemed desirable therefore to assess ventricular slowing associated with 
acidosis. Finally, certain patients with Stokes-Adams disease become refractory 
to sympathomimetic amines. The observation by Houle and colleagues (11) 
of reduced peripheral vascular responsiveness in acidosis suggested that ven- 
tricular pacemakers might also be less sensitive in acidosis. 


METHODS 


Experimental animals. Complete heart block was produced by the method of Starzl and 
Gaertner (12) in mongrel dogs of both sexes by incising the bundle of His at a point 5-10 
millimeters anterior to the coronary sinus. Gaertner suggested (13) that a number 11 Bard- 
Parker blade be used to dip beneath and prick the A-V bundle in an upward tenting motion. 
This maneuver facilitated the production of heart block. Complete block was persistent 
until time of death in twelve animals weighing 7 to 15 kilograms. All animals were allowed to 
recover from surgery for at least five days, usually several weeks, before beginning study 
of drug responses. 

General experimental procedure. Sympathomimetic amines‘ were isoproterenol hydro- 
chloride (Isuprel,® isopropylarterenol), l-epinephrine bitartrate, and levarterenol bitartrate 
monohydrate (Levophed,® I-norepinephrine). A stock solution of each drug containing 0.25 
micromols per milliliter was prepared by dissolving appropriate amounts of powdered drug 
in 0.9 per cent sterile saline containing 2 milligrams of sodium bisulfite per milliliter. The 
stock solution was continually kept iced and always used within nine days of preparation. 
Further dilutions from the stock solution were prepared with saline-bisulfite diluent either 
immediately before use or, in cases where the same dose was repeated, at least every ninety 
minutes and kept on ice in the interim. 

Drug dilutions were given intravenously within one to three seconds in a volume of 0.1 
milliliter per kilogram of body weight. Such injections were immediately followed by a 
rapidly given wash of 1.5 milliliters normal saline containing approximately five units of 
heparin per milliliter. Occasional injections of 1.5 milliliters of saline were given alone as 
controls. 

In order to prevent pain and excitation with drug administration all agents were given 
through polyethylene tubing whose internal tip was in one of the venae cavae close to the 
right atrium. Once such a catheter was in place its position was not disturbed during the 
remainder of the day. 

Electrocardiograms, usually from one of the standard limb leads, were recorded on a 
Sanborn Viso-Cardiette. The most reliable estimate of ventricular rate was found to be the 
mean of ten consecutive R-R intervals immediately preceding drug injection. Atrial resting 
rate was taken as the mean of ten or twenty consecutive P-P intervals. 

Respiratory methods. When artificial respiration was required a cuffed endotracheal tube 
was inserted and ventilation maintained by an intermittent positive pressure respirator 
described by Hanlon and coworkers (14). The respirator was modified to give a pressure 
curve with a smooth gradual inflation phase, a more rapid early deflation phase, and a pro- 
longed post-deflation phase. Inflation pressures of 12 to 14 millimeters of mercury and 
respiratory rates of 14 to 18 per minute were employed. 

Chemical methods. Hydrogen ion concentration was estimated by a Beckman, model G, 
pH meter and a Beckman blood electrode assembly, 290-31. The electrode assembly was 


‘Generously supplied by Dr. A. M. Lands of the Sterling-Winthrop Research Institute, 
Rensselaer, N. Y. 
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kept immersed in a water bath at 37.0 + 0.5 degrees centigrade. Determinations were made 
on 2 milliliter samples of caval or arterial blood. Samples of caval origin were always drawn 
into heparinized syringes from the vena cava opposite to that receiving alkali or acid 
fusions. When arterial blood was used animals were given intravenous heparin, 4 milligrams 
per kilogram, before beginning procedure. Samples were handled anaerobically and intro- 
duced into the electrode assembly within approximately forty-five seconds of beginning 
withdrawal from an inlying polyethylene tubing. pH readings were made two minutes after 
filling the assembly. Standard buffer solution pH estimations, made at the beginning and the 
end of experiments, agreed within 0.03 units. 

Arterial plasma for estimation of potassium concentration was obtained by repeated 
centrifugation of 2 milliliter quantities of blood. Plasma was sealed and refrigerated until 
potassium concentration was measured by a Patwin, model FC, flame photometer (15). 

Statistical analysis. ““Student’s t test’? was used to determine significance of certain dif- 
ferences and changes in response; “‘t” values were obtained by the method of paired com- 
parisons of appropriate data (16). 


PROCEDURES AND RESULTS 


Relation of Resting Ventricular Rate and Response to |-epinephrine and 
Levarterenol 


Three dogs were trained to lie quietly throughout the procedure and oc- 
casionally fell asleep. The only restraint was a lightly applied muzzle to pre- 
vent licking which caused interference with recordings. 

The change in ventricular rate produced by repeated injections of 0.0045 
micromols per kilogram l-epinephrine and levarterenol was found to vary 
widely and was inversely related to control rate (Fig. 1). There was no correla- 
tion between the relatively fixed maximum or absolute response and the slightly 
variable control rate (Fig. 2). Similar results were obtained in the two other 
dogs examined. 


Chronotropic Effects of Sympathomimetic Amines 
A. Ventricular responses to a single size dose 


When maximum responses to 0.0045 micromols per kilogram |-epinephrine 
and levarterenol are compared in unanesthetized dogs levarterenol was always 
significantly superior (p S 0.02) as demonstrated in Table I. In two animals 
the duration of response was measured and found to be longer after levarterenol 
than after l-epinephrine. In one animal (488) the interval from start of response 
to return of control rate was forty-three (standard error of mean: +4.1) seconds 
for levarterenol and twenty-eight (+2.0) seconds for l-epinephrine. In the other 
animal (412) mean duration of levarterenol response was eighty-eight seconds 
(+1.9) while l-epinephrine mean duration was forty seconds (+2.9). In every 
case these are the means of at least seven values. 

When followed for several months two of three animals exhibited a gradual 
decrease in resting rate and a lesser decrease in absolute responsiveness to 
l-epinephrine and levarterenol. 
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VENTRICULAR CONTRCL RATE 
Fic. 1. Relation between control (resting) ventricular rate and change in rate produced 
by drugs: single day observations. All rates in this and following figures are given in beats 
per minute. Drug dosage is 0.0045 micromols per kilogram body weight. All observations in 
one animal. 


B. Ventricular responses to doses of varying size 


Procedure. Ventricular chronotropic responses to isoproterenol (0.003, 
0.005, 0.001, 0.002, and 0.0045 micromols per kilogram body weight), |-epi- 
nephrine (0.002, 0.0045, 0.007, 0.015, and 0.025 micromols per kilogram), 
and levarterenol (same dosage as indicated for l-epinephrine) were determined 
on each of five different days during a month’s time in three trained unanes- 
thetized dogs. At least six minutes elapsed after the three smallest doses of 
each drug before injecting the next dose. Ten or more minutes elapsed between 
trials of the two largest doses of each drug. Comparable amounts of each 
drug were given in a random fashion. It was feared that the two largest amounts 
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VENTRICULAR CONTROL RATE 
Fic. 2. Relation between control (resting) ventricular rate and absolute (maximum) rate 
produced by drugs: single day observations. Data from the same experiments as in Figure 1. 


of each drug might have a cumulative effect and accordingly these were always 
the last given. 

Results. The absolute (maximum) ventricular responses to five different 
doses of isoproterenol, l-epinephrine, and levarterenol are given in Figure 3. 
Isoproterenol was far superior to levarterenol. From Figure 3, showing the 
pooled means of absolute responses, a rough estimate indicates that approxi- 
mately six times as much levarterenol as isoproterenol is needed to produce the 
same ventricular chronotropic effect throughout the dose range studied. By 
this same method of approximation levarterenol appears to be approximately 
twice as potent as l-epinephrine. The relatively greater effect of levarterenol 
was usually highly significant (p < 0.02) by the method of paired individual 
comparisons in two of three dogs. Indeed the response to levarterenol was 
greater than to l-epinephrine in 68 out of 74 paired comparisons. The same 
order of results is found when changes in rate rather than absolute maxima 
are compared. Since change in rate is a function of resting rate variance is 
greater with this parameter than with maxima and the “t” values for the 
differences between l-epinephrine and levarterenol correspondingly less. Ectopic 
beats developed once in forty-five isoproterenol trials, once in forty-four 1-epi- 
nephrine trials, and six times in forty-five levarterenol trials. 
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DRUG DOSAGE - Micromols x l0-/kg body weight 


Fic. 3. Log dose-response relationships. Each point represents the mean of fifteen de 
terminations. Maximum rates represent absolute values without regard to resting rate 
Bar at each point represents standard error of mean. 


C. Ventricular responses to continuous infusion 


Procedure. Three unanesthetized trained dogs were studied. Constant volume 
infusions, 0.2 to 0.4 milliliters per minute, of isoproterenol (0.00015 micromols 
per kilogram per minute), of l-epinephrine (0.0015 micromols per kilogram 
per minute), and of levarterenol (0.0015 micromols per kilogram per minute) 
were individually given for four minutes at the end of which time the infusion 
rate was doubled. Infusion was stopped after a total of seven minutes. At least 
fifteen minutes elapsed between trials of different drugs. After completing all 
infusions the procedure was repeated in two dogs. In a third dog (488) the 
amounts infused were doubled rather than repeated in order to produce an 
appreciable ventricular response. 

Resulis. Ventricular chronotropic sensitivity to continuous infusion of the 
three dogs approximated the order described for single injections. In two 
animals isoproterenol was approximately seven times as effective as levarterenol 
which in turn had one and a half times the effectiveness of l-epinephrine. In 











54 SAMUEL H. BOYER IV AND ARTHUR W. CHISHOLM 


the third dog sixteen times as much levarterenol as isoproterenol was required 
to produce the same response. The maximum response to levarterenol in this 
animal only slightly exceeded |-epinephrine response. 


D. Ventricular responses in anesthetized animals 


Procedure. Four dogs were anesthetized with about 19 milligrams per kilo- 
gram of intravenous pentobarbital. Small supplemental amounts were neces- 
sary about every sixty minutes in order to maintain light anesthesia. No airway 
was inserted. Respiratory rate remained greater than ten per minute in every 
instance. Depth of respiration did not appear to be depressed. Two micrograms 
per kilogram of isoproterenol hydrochloride (equivalent to 0.008 micromols 
per kilogram), l-epinephrine base (0.011 micromols per kilogram), and levarter- 
enol base (0.012 micromols per kilogram) were each rapidly given intravenously 
four to six times on a single day. Fifteen minutes elapsed between drug injec- 
tions and administration of pentobarbital. 

Results. Levarterenol proved a superior ventricular chronotropic agent to 
l-epinephrine as judged by comparison both of maximum responses and of 
change in rate. The difference in maximum response, shown in Table II, was 
significant (p < 0.02) by the method of paired group comparisons in three out 
of four animals. Maximum responses to isoproterenol and levarterenol were 











TABLE II 
Maximum Ventricular Responses to Isoproterenol,* |l-epinephrine,* and Levarterenol* in 
Anesthetized Animals 
Dog 1 5672 $727 5787 
| 
I max 73.4 | 44.4 84.3 63.6 
S.D. 3.2 3.9 1.2 1.7 
(n) (6) (6) (S) (S) 
L max 72.7 42.6 80.6 66.8 
S.D. 4.1 2.8 10.5 3.4 
(n) (6) (S) (4) (S) 
E max 55.7 35.0 63.1 64.2 
S.D. 3.3 3.0 6.1 2.1 
(n) (6) (S) (S) (S) 
L max-E max 17.0 | 7.6 17.5 2.6 
p <0.001 <0.01 <0.02 0.1<p<0.2 
Control Mean 39.0 21.2 31.1 36.0 
Range 27 .0-42.5 19.2-24.0 23 .0-34.9 26.2-38.7 














* 2 micrograms per kilogram body weight. 
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not significantly different. Ectopic beats frequently appeared after both 1-epi- 
nephrine and levarterenol, less frequently after isoproterenol. 


E. Comparison of atrial and ventricular chronotropic responses 


Procedure. Three dogs were anesthetized with approximately 25 milligrams 
per kilogram of pentobarbital and respiration was maintained artificially 
with oxygen. One milligram per kilogram of atropine was given intravenously 
at least fifteen minutes before the first sympathomimetic amine injection. 
Supplemental amounts of atropine, approximately 0.25 milligrams per kilo- 
gram, were given every sixty to ninety minutes. In two animals arterial blood 
pressure was determined by use of a Lilly manometer. Complete atropinization 
was repeatedly established in two animals by the lack of femoral artery blood 
pressure response to 10 micrograms per kilogram of freshly diluted acetyl- 
choline chloride. The adequacy of atropine dosage was also periodically estab- 
lished by observing the similarity of chronotropic responses to l-epinephrine 
or levarterenol before and after atropine supplements. Eight to thirteen injec- 
tions of isoproterenol were given in amounts ranging from 0.0001 to 0.025 
micromols per kilogram. Seven to fourteen injections of l-epinephrine and 
levarterenol were given separately in amounts within the range of 0.0005 to 
0.025 micromols per kilogram. 

Results. In every animal studied levarterenol generally produced greater 
ventricular rate changes than equimolar amounts of |-epinephrine. In two 
animals the atrial responses to both agents were nearly equal while in the third 
levarterenol was slightly superior. Figure 4 shows the simultaneously deter- 
mined ventricular and atrial responses to each drug for one animal. 
Isoproterenol produced the greatest acceleration of both pacemakers being 
approximately two to six times as potent as levarterenol in the ventricle and 
two to seven times as effective in the atrium. As judged from the relative posi- 
tions of the straight slope in log dose graphs, such as Figure 4, atrial and ven- 
tricular pacemakers showed approximately equal sensitivity to all three drugs. 


Effects of Pentobarbital 


Procedure. In two trained animals the responses to 0.0045 micromols per 
kilogram of l-epinephrine and to the same amount of levarterenol were de- 
termined separately before and after the intravenous administration of 19 
milligrams per kilogram of pentobarbital sodium. Each drug was given four 
times in the control period. Beginning fifteen minutes after start of anesthesia 
each sympathomimetic amine was again given three to four times. 

In one animal a similar experiment was performed on another day but with 
substitution of pentobarbital vehicle for pentobarbital. Vehicle consisted of 
10 per cent ethyl alcohol, 20 per cent propylene glycol and 70 per cent dis- 
tilled water. 








56 SAMUEL H. BOYER IV AND ARTHUR W. CHISHOLM 














ivy) 
= ANIMAL 9 
z Pentobarbital + Atropine 
a 50 x Isoproterenol 
2 @ -E€Epinephrine x 
ne 40 Oo Levarterenol 9 
os ° 
uw A 
a 
' 
ww - ° 
= 30 e * 
x 
@ 
3 20 - 
o ° 
s x e 
z 10 x * e 
¥ ain Oo -6e 3 
a x 
a . L ol[UO . e 
w O * « 8 ee 
Z 
3 
1O-4 0-3 io-2 
DRUG DOSAGE IN MICROMOLS PER KILOGRAM 
70 
ANIMAL 9 " 
wi 
5 Pentobarbital + Atropine x ° baad 
= 60 
= *  |soproterenol x » 
& @ %-Epinephrine 
re 50} © Levarterenol 
” 
ss 
ai 
wi 
o 
, 40 : ° 
= ™ 
Ps 
, > . 0 
<a } 
4 x ° 
= 2 ala © 
= s 
uw x xX 
2 lo ? ° 
= ? ee 
o a ° 
ojo © ooo ° 
A. ah. L = a | An iL. L i o, 4A. }. L iL L i oa ot dhe A. 
1-4 10-3 iO-2 


DRUG DOSAGE -MICROMOLS PER KILOGRAM 
Fic. 4. Comparison of ventricular (above) and atrial (below) log dose-response relation- 
ships in an atropinized animal. 


Results. Two minutes after intravenous injection of pentobarbital resting 
ventricular rate had increased from 35-38 beats per minute in the unanes- 
thetized period to approximately 52 beats per minute in both of the animals 
studied. Subsequently resting rate decreased and within twenty-two minutes 
again approximated control levels. Thereafter ventricular responses to |-epi- 
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TABLE III 
Effect of Pentobarbital on Ventricular Rate and Ventricular Response to |-epinephrine* and 
Levarterenol* 
Acted Resting Ventricular Absolute |-Epineph- | Absolute Levarte- 
Rate rine Response renol Response 
{Before Pentobarbital 35.5 + 1.2 51.3 + 1.9 56.6 + 1.5 
(8) (4) (4) 
412 (After Pentobarbital 36.1 + 0.6 55.4 + 1.3 62.0 + 2.5 
| (8) (4) (5) 
|p value for difference >0.10 <0.02 <0.01 
(Before Pentobarbital 37.743.0 | 59.342.0 | 67.2 + 1.3 
| (10) (5) (5) 
549 ‘After Pentobarbital | 39.5 + 1.2 64.7 + 0.9 72.8 + 1.9 
(10) (5) (5) 
lp value for difference >0.05 


<0.001 <0.001 


* 0.0045 micromols per kilogram. 





nephrine and levarterenol were repeatedly assayed for at least sixty-five 
minutes and found to be persistently greater than in the control period. These 
differences were highly significant, as noted in Table III. 

Injection of pentobarbital vehicle was without effect in the one animal 
studied. 


Effects of Hydrocortisone 


Procedure. Three unanesthetized trained animals were employed. Resting 
rate and responses to |-epinephrine and levarterenol, 0.0045 micromols per 
kilogram, were determined at least three times before and again after the 
intravenous administration of 33 milligrams per kilogram of hydrocortisone 
sodium succinate. Fifteen minutes elapsed between hydrocortisone injection 
and the first succeeding sympathomimetic amine trial. All studies were com- 
plete within ninety minutes of steroid administration. 

Results. Hydrocortisone had no significant effect in any animal on resting 
rate or response to either drug. 


Effects of Acid-base Changes 


Procedure. The order of experiments and methods of acid-base alteration 
are summarized in Table IV. The general plan of study involved repeated 
estimation of blood pH and ventricular chronotropic responses to l-epinephrine 
and/or levarterenol during control and subsequent experimental periods. 
Sympathomimetic amine injections of 0.003 micromols per kilogram were 
given in Experiments 5 and 7 while 0.0045 micromols per kilogram were given 
in Experiments 1-4, 6 and 8. The two figures in each of the last four columns of 
Table IV represent conditions before and, where possible, at the very end 
of the alteration indicated. Where possible all values are taken as the mean 
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of several determinations. Changes in rate and responsiveness approximate, 
within a few minutes, the changes noted for pH. All pH values are for caval 
blood except experiments six and eight in which arterial blood was used. At 
least five minutes elapsed between drug injections. No more than ten per cent 
of any animal’s blood volume, assumed to be eight per cent of body weight, 
was withdrawn on any single day. With one exception at least one month 
elapsed between experiments on any single animal. During the interim animals 
were fed an iron-rich diet. 

Experiments 1, 2 an 4 were performed on trained unanesthetized animals. 
The remainder of studies were obtained on animals anesthetized with pento- 
barbital in which a cuffed endotracheal tube had been inserted. During all 
control periods respiration was maintained artificially. The initial dose of 
pentobarbital was 23-26 milligrams per kilogram. Supplemental amounts were 
required at one to three hour intervals in order to maintain light anesthesia 
and freedom from shivering. Transient increase in ventricular rate usually 
followed pentobarbital supplements. At least twenty minutes elapsed between 
such supplements and the next sympathomimetic amine injection. No single 
experiment, indicated in Table V by a number and upper case capital letter, 
was interrupted by pentobarbital administration. 


A. Effects of metabolic acidosis (Experiments 1A and 7C, Table IV) 


Infusion of hydrochloric acid in Experiment 1A slowed both atrial and 
ventricular resting rates and decreased ventricular chronotropic responses to 
l-epinephrine and levarterenol. Such depressant effects were most evident at 


TABLE V 
Comparison of the Effects of CO, and HCl on Ventricular Rate and Response to Levarterenol 








Maximum Ven- | 








Experiment a “ae -_~ centeto- a Arterial pH Aatetie Staene 
arterenol* 
6A _—_— Control 113 28.4 | 42.5 7.32 3.8 
17.5% COz 69 14.5 | 22.8 | 693 | 4.4 
| | 
6B Control 93 25.3 | 41.0 7.41 | 35 
HCl 96+ 20.0¢ | 23.6t 6.94¢ | 4.5¢ 
8A Control 15 29.3 | 50.1 | 7.46 4.4 
17.5% CO. | 47¢ | 8.1t 14.5 6.99 | 4.6 
8B —— Control 97 31.4 46.5 | 7.45 | 4.5¢ 
HCl 69 22.0 26.7 | 6.92 3.5 





* 0.0045 micromols per kilogram. Each figure, except where noted, is the mean of three deter- 
minations. 


Tt Mean of two determinations. 
t One determination. 
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. a caval pH of less than 7.10 (Fig. 5, lower left section). In Experiment 7C pH 
i] reduction was initially profound (6.43) but paradoxically accompanied by an 
t increase in ventricular rate and a lesser increase in drug sensitivity. Atrial rate, 
t however, fell with pH decline. With recovery, as the pH rose to approximately 
' 6.85, all parameters became depressed and remained so even after caval pH 
? . ~ . . . . . 
h was in the normal range. Following the infusion of sodium bicarbonate and 
s further pH increase control values reappeared. Values greater than normal 
developed with hyperventilation although there was little further change in 
g 
. pH. No ectopic beats were observed. 
)- B. Effects of metabolic alkalosis (Experiments 2B and 4, Table IV) 
I] ; , , , , ; 
f Alkalosis was accompanied by increased ventricular resting rate and in- 
) . ° e 
creased responsiveness to l-epinephrine and levarterenol. Measurement of 
e : ‘ . . 
drug responsiveness was repeatedly made during both rise and fall of pH in 
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Fic. 5. Effect of pH on ventricular rate and maximum responses to |-epinephrine and 





levarterenol in one animal. Drug dosage is 0.0045 micromols per kilogram. 
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Experiment 2B but limited to the phase of decreasing alkalosis in Experiment 4. 
In Experiment 2B the difference between the mean response to l-epinephrine 
before and after alkalinization was highly significant (p < 0.001) as was the 
difference between mean levarterenol responses (p < 0.002). These responses 
are shown graphically in lower middle panel of Figure 5. The response to 
l-epinephrine during the alkalotic period of Experiment 4 could not be ac- 
curately gauged due to interfering arrhythmias. Such arrhythmias were fre- 
quently prefibrillatory in nature, and on the second drug trial, while the pH 
was falling, gave way to fatal ventricular fibrillation as shown in Figure 6. 
Levarterenol did not produce ectopic beats in this animal (549); however, in 
another animal (412), prefibrillatory activity repeatedly developed after both 
l-epinephrine and levarterenol. In the latter instance these effects were confined 
to the period of decreasing alkalosis. Ectopic beats very rarely followed drug 
injections at normal pH values in any animal and then were always bigeminal 


RESPONSE OF VENTRICULAR PACEMAKER TO |-EPINEPHRINE AND LEVARTERENOL 


DURING RECOVERY FROM METABOLIC ALKALOSIS 
1k2t pH740 E45 RESPONSE 


1:39 pH7.40 


72m.eq. NaHCO, in I20mi. infused in 2Ominutes 
118 pHT53 


24 pH7ZS2 


1:30 86pHT7S5I 


DOG 549, 


Fic. 6. Effect of recovery from metabolic alkalosis on responses to |-epinephrine and 
levarterenol. Values to far left indicate time of day. Drug dosage is 0.0045 micromols per 
kilogram. 
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in form. Although arrhythmias often precluded exact estimation of drug 
responses it can be seen in the lower right panel of Figure 5 that the return of 
resting rate and responses to control values lagged far behind the fall in pH. 
Indeed control resting and response values did not reach normalcy until pH 
had fallen to less than 7.20 with the aid of 0.6N hydrochloric acid. 

The infusion of hypertonic sodium chloride in Experiment 2A had scant 
effect on resting rate. The difference between mean |-epinephrine response 
before and after sodium chloride infusion is not significant (p < 0.25) nor is 
the difference in levarterenol response (p < 0.25). 

Both experiments of this section were performed on unanesthetized dogs and 
the effects on atrial rate were too variable to allow any conclusion. 


C. Effects of respiratory acidosis (Experiments 3A, 5A and 7A, Table IV) 


Procedure. Following a control period animals were allowed to spontaneously 
breathe mixtures of gradually increasing carbon dioxide content in oxygen. 
The percentage of each gas delivered from tanks of 100 per cent oxygen and 
100 per cent carbon dioxide was monitored by gas flow-meters. The resultant 
mixtures were delivered toa small anesthesia bag and in turn to a non-rebreathing 
valve attached to the endotracheal tube. A maximum of 20 to 30 per cent car- 
bon dioxide was continued long enough (Table IV) to permit several injections 
of sympathomimetic amines and was thereafter gradually decreased to a second 
control level. Subsequently, on the same day, one animal was given an infusion 
of 0.6N HCl followed by 0.6N NaHCO; and hyperventilation (Experiment 
7C, Table V). 

Results. Hypoventilation (Experiment 5A) and administration of carbon 
dioxide (Experiments 3A, 5A and 7A) invariably depressed caval pH, resting 
atrial and ventricular rates, and responsiveness to sympathomimetic amines 
as illustrated in Figures 5 and 7. In all experiments the slowing of atrial and 
ventricular rates were more or less proportional. In one instance (Experiment 
7A) drug effect was assayed two minutes after beginning carbon dioxide in- 
halation. At that time pH had fallen from 7.30 to 7.18, resting ventricular rate 
from 24.3 to 11.1, atrial rate from 103 to 61, while response to levarterenol was 
unchanged (Fig. 7). Six minutes later pH had further decreased to 7.07, resting 
rates were essentially unchanged and 1|-epinephrine response depressed. Reduc- 
tion of resting rates and responses to both drugs thereafter persisted until 
acidosis was relieved. In Experiment 5A ventricular rates and drug responses 
were studied during both induction and recovery from acidosis. The rate of 
return to control values again lagged behind pH changes. A similar with- 
drawal lag phenomenon has been described during recovery from metabolic 
alkalosis in 2B and during recovery from metabolic acidosis in 7C. 
Arrhythmias did not develop in the experiments of this section. 
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Fic. 7. Effects of respiratory acid-base changes on ventricular rate and maximum drug 
responses in one animal. Drug dosage is 0.003 micromols per kilogram. Values to the far left 
indicate changes during artificial respiration. Black bars at bottom indicate 20 and 10 per 
cent carbon dioxide inhalation. Shaded boxes indicate hyperventilation. 


D. Effects of respiratory alkalosis (Experiments 3B, 5B and 7B, Table IV) 


Procedure. Following recovery from respiratory acidosis animals were respired 
artificially. After a second control period respiratory rates and inspiratory 
pressures were gradually increased sufficiently to elevate caval pH to approxi- 
mately 7.51 to 7.60. Hyperventilation was maintained for the periods indicated 
in Table V. Respiratory rates and inspiratory pressures were then gradually 
decreased to the control level. 

Results. Hyperventilation when productive of pH values somewhat greater 
than 7.50 was accompanied by elevated resting ventricular rate and increased 
pacemaker responsiveness to both sympathomimetic amines in Experiments 
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3B and 7B. That these changes are significant is evident from inspection of 
Figures 5 and 7. The responses to respiratory and metabolic alkalosis appear 
to be grossly similar in Figure 5 (upper and lower middle panels) despite anes- 
thesia in one experiment and not in the other. During recovery from respiratory 
alkalosis there was in this case no lag in the return to normal of resting rates 
and responses. Hydrogen ion concentration was less affected in Experiment 5B 
and resting rate was not changed although responsiveness was increased. 

Ectopic beats and prefibrillatory activity during the period of decreasing 
alkalosis appeared after l-epinephrine injection in Experiment 3B and after 
both l-epinephrine and levarterenol in Experiment 5B. The only instance of 
arrhythmias developing during increasing alkalosis of any type occurred in 
Experiment 5B after levarterenol. Experiment 7B was singularly free of ar- 
rhythmias at all times. 

Atrial responses were estimated in Experiment 7B and rather exactly 
paralleled changes in ventricular rate. In terms of absolute values in beats 
per minute atrial responses exceeded ventricular responses by a factor of 
approximately two. 


E. Comparison of the effects of metabolic and respiratory acidosis (Experiments 
6 and 8, Tables IV and V) 


Respiratory and metabolic acidosis in the preceding experiments were 
usually produced on different days. Consequently accurate comparison of the 
relative effects of the two types of acidosis was not possible. Such comparisons 
were therefore made in Experiments 6 and 8. 

Procedure. Two animals were studied and were artificially respired through- 
out the experiments. During both control and experimental periods intra- 
venous succinylcholine dichloride was delivered by a constant infusion pump 
at a rate, 2 to 3 milligrams per kilogram per hour, sufficient to prevent spon- 
taneous respiration and shivering. Volume infused was 6 to 12 milliliters per 
hour. pH was measured on whole blood samples obtained from inlying femoral 
artery polyethylene tubing. Hematocrits were identical at the beginning and 
end of experimental days. Animals were kept covered and were warmed by an 
electric light. Rectal temperature fell about 2 degrees centigrade during the 
course of an experimental day. 

Arterial pH, arterial plasma potassium, and reponses to levarterenol were 
each measured three times during a control period while the animal was breath- 
ing 100 per cent oxygen. A minimum of seven minutes elapsed between any 
levarterenol injection and potassium sampling. Seventeen and one-half per 
cent CO, in oxygen was next given from a specially prepared tank and periodic 
measurements made of pH, potassium and resting ventricular rate. Twelve 
to fifteen minutes were allowed for equilibrium on this gas mixture and levarter- 
enol responses again determined at seven minute intervals. Following one to 
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three such determinations and additional pH and potassium measurements 
the inspired CO, concentration was successively reduced to 12.5, 7.5 and 0 
per cent as indicated in Table IV. Measurements of potassium, pH, resting 
ventricular rate and drug response were made during each reduction stage. 

Thereafter room air was substituted for oxygen and the animals allowed to 
rest for one hour. At the end of this time oxygen was reinstituted and, after 
fifteen minutes, the control measurements repeated. Hydrochloric acid (0.6N) 
was then given intracavally, arterial pH and potassium determined serially, 
and an attempt made to match the pH depression which had been obtained 
with carbon dioxide inhalation. Total amounts of acid required together with 
time of infusion are indicated in Table IV. The first levarterenol responses of 
the experimental period were determined upon reaching the desired pH. This 
occurred forty-four (Experiment 6B) and eighteen (Experiment 8B) minutes 
after beginning acid infusion. 

Total duration of experiment was five hours for animal 541 and three and 
one half hours for animal JM100. Both dogs were active twenty-four hours 
later. 

Results. The results of both experiments are shown in Tables IV and V. In 
Experiment 6 depression of pH to approximately 6.94 by either means pro- 
duced similar decreases in levarterenol sensitivity; however, acidosis induced 
by carbon dioxide was a much more powerful depressant of resting atrial and 
ventricular rates than the same degree of acidosis induced by hydrochloric acid. 
In Experiment 8 resting rates and response to levarterenol were far more de- 
pressed by carbon dioxide than by a more severe metabolic acidosis (Table V). 
In Experiment 8A reduction of inspired carbion dioxide concentration from 
17.5 per cent to 12.5 per cent produced scant change in arterial pH but great 
change in drug sensitivity and atrial and ventricular resting rate (Table IV). 
Little change in these parameters occurred during a similar period in Experi- 
ment 6A. 

Changes in arterial plasma potassium levels bore no consistent relationship 
to resting rates, response to levarterenol or to pH. During the first ten minutes 
of carbon dioxide administration potassium concentration fell from 3.5 to 
2.9 milliequivalents per liter in Experiment 6A and from 4.3 to 4.1 milliequiva- 
lents per liter in Experiment 8A. Thereafter plasma potassium levels rose 
steadily in both experiments despite increasing pH, ventricular rate, and drug 
sensitivity. 

A maximum potassium concentration of 4.9 milliequivalents per liter was 
reached in Experiment 6A, twenty minutes after stopping all carbon dioxide 
at a time when pH was 7.32. In Experiment 8A a maximum concentration of 
5.0 milliequivalents per liter appeared during inhalation of 7.5 per cent carbon 
dioxide. Metabolic acidosis in Experiment 6B was associated with slowly rising 
potassium concentrations; during a sixty minute period of pH fall from 7.45 
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to 6.80 plasma potassium increased from 3.5 to 5.0 milliequivalents per liter. 
In Experiment 8B pH initially fell from 7.41 to 6.76 and potassium rose from 
5.0 to 5.8 milliequivalents per liter. Subsequently pH increased to 6.95 and 
potassium fell to 3.5 milliequivalents per liter. 


DISCUSSION 
Relation Between Resting Rate and Response 


In humans with complete heart block Gilchrist (17) has observed an inverse 
relationship between resting ventricular rate and the magnitude of change in 
rate produced by adrenaline. Slow resting rates were accompanied by con- 
siderable drug induced acceleration, fast rates by slight response. Such a rela- 
tionship was also found in the dog. Dependence of response upon resting state 
is not limited to pacemakers but applies to a variety of other measurements 
including blood pressure and nictitating membrane contraction (18, 19). 

For our purposes the most important aspect of these relationships was the 
comparative fixity on any single day of maximum or absolute ventricular re- 
sponse to l-epinephrine or levarterenol. This feature permitted the study of 
factors influencing these drug responses and factors influencing resting rate to 
proceed independently and simultaneously. 


Comparison of Sympathomimetic Amine Responses 


As a ventricular chronotropic agent levarterenol was usually significantly 
superior to equimolar amounts of |-epinephrine. Isoproterenol was approxi- 
mately ten times more effective than l-epinephrine. The only previous attempt 
to gauge the pharmacologic reactivity of ventricular pacemakers in intact 
laboratory animals was made by Roberts and colleagues (20). In their experi- 
ments, performed on anesthetized animals, sympathomimetic amines were 
assayed for their capacity to produce ventricular escape in the presence of 
sinus bradycardia induced by vagal stimulation. Threshold comparisons in 
dogs and cats indicated isoproterenol was approximately ten times more potent 
than either l-epinephrine or levarterenol. The threshold dose, approximately 
10 micrograms of base per kilogram body weight, for the latter two agents in 
dogs was twice the largest amount commonly employed in the present study 
and many times the amount necessary for appreciable ventricular acceleration. 
In addition to these differences there is a further discrepancy between the 
results of the two investigations. The most rapid responses observed in our 
experiments on unanesthetized animals were usually associated with QRS 
complexes of less than 0.07 seconds duration. This duration is within the limits 
described for dogs with normal sinus rhythm (21) and therefore indicates a 
pacemaker situated in the bundle of His. In contrast the ventricular responses 
illustrated by Roberts attained rates of 100-150 beats per minute and had 
wide QRS complexes suggesting an origin distal to bifurcation of the A-V 
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bundle. As an explanation for such wide QRS responses it seems possible that 
the flow of impulses from the partially inhibited sino-atrial pacemaker remained 
sufficiently rapid to prevent the development of bundle pacemakers but at 
the same time sufficiently slow to allow the interposition of ectopic ventricular 
rhythms. In other words, a variant of ventricular tachycardia was produced 
with equal success by l-epinephrine and levarterenol while isoproterenol was 
ten times as potent in this respect. Some confirmation of this explanation comes 
from our experience with anesthetized “‘heart block” animals in which repeated 
2 microgram per kilogram injections of |-epinephrine, levarterenol and iso- 
proterenol were often followed by ventricular tachycardia. The QRS complexes 
of such tachycardias were usually considerably wider than observed in the 
resting state. 

Nathanson and Miller (22) have described the ventricular chronotropic 
effects of intravenously administered isoproterenol, l-epinephrine, and levar- 
terenol in eight patients with complete heart block. If these patients are as- 
sumed to have averaged seventy kilograms in weight and the drug doses em- 
ployed are expressed in micromols per kilogram it is possible to compare 
ventricular pacemaker sensitivity in dog and man. Such gross comparison indi- 
cates that sensitivity to isoproterenol is the same in the two species. In con- 
trast humans with complete heart block are approximately thirty times more 
sensitive than dogs to l-epinephrine. Levarterenol, superior to l-epinephrine 
in dogs, often produced arrhythmias in humans and never yielded rate in- 
creases greater than 11 beats per minute; consequently quantitative compari- 
son of this agent is not possible. Doubtless a quantitative difference exists 
between the two species for ventricular pacemaker sensitivity to levarterenol 
just as it does for blood pressure response. As measured by the amount of drug 
necessary to produce equivalent systolic pressure elevation man (23) is three 
to four times more sensitive to levarterenol than are dogs (24). Precedent is 
also available for qualitative, species determined, differences in drug responses 
(25). However, several factors suggest the need for some other explanation for 
qualitative differences in ventricular sensitivity to levarterenol and |-epi- 
nephrine between dog and man. The first of these factors is the qualitative 
similarity of atrial responses in the two species before atropinization. Following 
atropinization atrial rate is accelerated by levarterenol in both dogs (26) and 
humans (23). The parallel sensitivities shown by atrial and ventricular pace- 
makers in the dog, Figure 4, raises the problem as to why these pacemakers 
should not behave similarly in humans. The interplay between vagal and 
sympathetic forces upon the atrioventricular node provides a possible explana- 
tion for the differences in question. The pacemaker of the dog with complete 
heart block cannot lie higher than the bundle of His. Vagal stimulation has no 
effect on such pacemakers (10). These pacemakers are therefore only subject 
to the acceleratory action of sympathomimetic amines. If a conduction block 
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in man is confined to the upper or middle node then the pacemaker may lie 
in the middle or lower node and there be subject to a balance of sympathetic 
and vagal effects. Levarterenol, through its effect on blood pressure, is a power- 
ful stimulant of baroceptor vagal reflexes and therefore a poor nodal excitant. 
The escape of still lower effective pacemakers is not likely to occur because, as 
Roberts’ experience indicates, comparatively large amounts of drug are neces- 
sary for their excitation. Ectopic beats may still develop, particularly when 
basic rate remains slow and allows their interposition. |-Epinephrine is a 
lesser and isoproterenol a poor baroceptor stimulant. Consequently the direct 
acceleratory action of these drugs on the atrioventricular node would pre- 
dominate. 

The correctness of the explanation just advanced could be established in 
patients with complete heart block by testing the ventricular chronotropic 
responses to small amounts of |-epinephrine and levarterenol before and after 
atropinization. If the explanation is correct then levarterenol response should 
improve after vagal blockade. Some reservation will still be necessary con- 
cerning interpretation as to the site of conduction defect, since it is possible 
that vagal influence in man penetrates to the His bundle. In the rabbit Hoffman 
(27) has recently demonstrated that A-V node pacemakers are sensitive and 
bundle pacemakers insensitive to acetylcholine. Doubtless the level of vagal 
influence differs slightly between species and perhaps between individuals 
within species. However, if vagal sensitivity in man extends no further than 
the A-V node, then complete heart block could be regarded, at least in those 
cases poorly responsive to levarterenol, as a disease confined to the upper 
portions of the A-V node. Stokes-Adams disease might represent an extension 
of this process to the lower node and bundle. 


The Effect of Pentobarbital 


Transient increase in ventricular rate followed initial and supplemental 
pentobarbital injections. Similar transient effects upon atrial rate have recently 
been reported (28). It is possible that such changes reflect hypersensitivity to 
endogenous sympathetic activity. This view is supported by the subsequent 
demonstration of increased ventricular chronotropic responses to ]-epinephrine 
and levarterenol. Hypersensitivity alone is not responsible for resting rate 
alteration since heightened responsiveness persists long after resting rate has 
returned to normal. Brief sympathetic or neurohormone discharge is one alter- 
native mechanism and altered pacemaker metabolism another. 

Lockett (29) found in the atropinized dog that the atrial pacemaker re- 
sponsiveness to epinephrine is augmented by pentobarbital while responsive- 
ness to arterenol is depressed. To account for these findings it was suggested 
that methylation is a prerequisite to arterenol activity and that pentobarbital 
depresses enzymatic methylation. In our experience pentobarbital increases 
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ventricular pacemaker sensitivity to both amines. It seems unlikely that 
methylation would be essential for the action of arterenol on one pacemaker 
but not on the other. 


The Effect of Hydrocortisone 


Lown and co-workers (4) observed that the P-R interval is prolonged in 
Addison’s disease and short in Cushing’s syndrome when compared to a normal 
population. The use of adrenocortical steroids in complete heart block was 
consequently proposed with the hope of establishing A-V conduction. The 
mechanism by which conduction might be enhanced was thought to involve 
adrenal steroid—neurohormone interaction. Our study sought to determine if 
this interaction extended to the ventricular pacemaker. We could demonstrate 
no such interaction. Similar findings have also been observed in isolated per- 
fused guinea pig heart (30). 


The Effect of Acid-Base Changes 


The mechanism by which hypertonic lactate affects ventricular rhythmicity 
has not been clarified. Alkalinization, whether produced by decrease in CO, 
concentration (31, 32) or increase in bicarbonate (32) content, had no effect 
on the heart rate of perfused rabbit auricles. However, Andrus (31) found that 
there was a greater chronotropic response to adrenaline at pH 8 than at pH 7. 
The interpretation from these observations that alkali enhances atrial response 
to adrenaline should be made with care since drug response at a normal pH 
was not determined. The disparity between resting rate and adrenaline sensi- 
tivity in isolated atria suggests that increased resting ventricular rates in 
alkalotic “heart block dogs” may be produced by hypersensitivity to endoge- 
nous sympathetic activity or circulating neurohormones. Increased sympathetic 
discharge or neurohormone secretion cannot be excluded as an alternative 
explanation. There is, however, indirect evidence for diminished vasocon- 
striction in arm muscle during hyperventilation in man indicating that sympa- 
thetic activity may actually be reduced in alkalosis (33). 

The arrhythmias which accompany alkalosis in the dog with complete 
heart block are largely confined to the recovery period and then only appear 
following injection of sympathomimetic amines. Arrhythmias developing in 
humans with heart block treated with intravenous hypertonic sodium lactate 
rarely persist after stopping the infusion (7). However, one individual (patient 
4, reference 7) spontaneously exhibited bursts of bizarre ectopic beats accom- 
panied by chest pain at a time following the infusion of 0.5M sodium lactate 
when venous pH was decreasing. Such beats, not present in the control period, 
closely resembled the prefibrillatory activity appearing in dogs. The phenome- 
non of post-alkalotic arrhythmias may not be limited to dogs. Possibly its 
occurrence in humans not concurrently receiving sympathomimetic amines is 
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related to transient increase in endogenous sympathetic activity and neuro- 
hormone discharge. The mechanism which ultimately predisposes to these 
disturbances in rhythm is unknown. Differential shifts in certain ions, par- 
ticularly potassium and calcium, may be involved. Increase of the calcium- 
potassium ratio in the perfusate of rabbit heart is known to initiate ventricular 
fibrillation (34). During the post-hyperventilatory period serum ultrafiltrable 
calcium is elevated to greater than control levels (35). At the same time the 
depressed serum potassium concentration of alkalosis persists in the recovery 
period (36). These changes, though minor, may predispose to the excitation of 
ventricular fibrillation. 

In vivo acidosis depressed ventricular and atrial rates and diminished re- 
sponsiveness to l-epinephrine and levarterenol. Jn vitro studies of isolated per- 
fused rabbit atria also reveal a diminished rate with acidosis (31, 32). It is 
therefore unlikely that diminished resting rates in the acidotic dog result solely 
from decreased sensitivity to endogenous sympathetic or neurohormone ac- 
tivity. This view is supported by the disparity between resting rate and drug 
densitivity in Experiment 7A (Fig. 7). In this case resting atrial and ventricular 
rates fell precipitously with decreasing pH at a time when pacemaker sensi- 
tivity to levarterenol remained in the control range. Decreased sympathetic 
discharge and neurohormonal secretion do not seem likely causes of resting 
rate bradycardia since acidosis is usually regarded as a stimulus to such ac- 
tivity (19, 37). Indeed the initial paradoxical increase of ventricular rate with 
marked acidosis found in Experiment 7C is probably attributable to sympa- 
thetic discharge sufficient to overwhelm depressant effects of increased hy- 
drogen ion concentration. It is curious that in this latter experiment atrial 
rate decreased concurrently with ventricular acceleration. The explanation for 
such atrial slowing may lie in increased sensitivity to vagal tone which has been 
described in acidosis (38). 

As indicated in Table V carbon dioxide inhalation produced a much greater 
slowing of rate than did an equivalent pH depression following hydrochloric 
acid infusion. These findings are perhaps analogous to the observation that 
arterial blood when acidified with carbon dioxide had a greater effect upon 
respiration than when acidified by hydrochloric acid (39). Vaughan Williams 
(32) has demonstrated that alteration of carbon dioxide concentration alone 
has no consistent effect on the heart rate of perfused rabbit atria. Cellular 
membranes are believed to be comparatively porous to carbon dioxide but 
almost impermeable to hydrogen ion (40). If this is true the discrepancy be- 
tween the effects of metabolic and respiratory acidosis could be explained by 
assuming that intracellular rather than extracellular acidosis is a major 
determinant of resting rate depression. 

The relation of extracellular potassium to the effects associated with depres- 
sion is uncertain. Hyperkalemia is often associated with sinoatrial bradycardia 
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(41) and serum potassium concentration is usually elevated in acute acidosis 
(41, 42, 43). However, in our experience extracellular potassium concentration 
in acute acidosis is at best only a minor determinant of ventricular rate. For 
example, potassium may increase by fifty per cent (Experiment 6A) while pH 
and rate remain comparatively steady. On the other hand, persistent potassium 
alteration during recovery periods may account for delays in the return of 
resting rates to normal. 

The reasons for decreased response to levarterenol in acidosis are even less 
clear. Table V indicates that in one animal decreased sensitivity correlated well 
with lowered blood pH irrespective of the means by which this was produced. 
Responses in the other animal were more depressed by carbon dioxide than 
by hydrochloric acid. This discrepancy may be due to bradycardia and associ- 
ated poverty of venous return sufficient to permit partial destruction of levar- 
terenol before delivery to the heart. A similar criticism may indeed apply to 
the whole concept of the measurement of response without regard to resting 
rate. Undoubtedly there is for each animal some minimum value for resting 
rate below which response is related to preceding control levels. However, the 
data for Experiments 6A and 6B in Table V indicate that resting rates of 
an order of 14 to 20 beats per minute are associated with the same absolute 
drug response. Similar results were obtained in the early phase of Experiment 
7A over a resting rate range of 11 to 24 beats per minute. An alternative 
explanation for these findings would be that absolute response is related to 
resting rate and acidosis increases sensitivity to sympathomimetic amines. 
This explanation seems unlikely since in other experiments proportionate or 
disproportionate changes in resting rate and response to drugs would indicate 
that acidosis has no effect on sensitivity or decreases it. We therefore feel 
justified in the use of absolute response as an index of sensitivity to sympa- 
mimetic amines. It must be recognized, however, that absolute responses 
occurring in the presence of resting rates less than 15 beats per minute may 
not be entirely a function of drug sensitivity. 

Our observations indicate that acidosis, particularly of respiratory origin, 
should be promptly recognized and treated in patients with complete heart 
block. When no acid-base derangement is initially present alkalinization may 
be quite hazardous. The sensitivity of ventricular pacemakers to acidosis 
probably varies in man just as it does in dogs. It is conceivable that a mild 
degree of pH depression is responsible in some persons for refractoriness to 
sympathomimetic amines. In this connection Lillehei (44) has observed restora- 
tion of isoproterenol effectiveness following administration of molar sodium 
lactate in patients who had developed complete heart block during open heart 
surgery. Levine (45) has advocated the use of ammonium chloride in Stokes- 
Adams disease. This is an effective acidifying agent (41) and would seem un- 
desirable if ventricular standstill is the mechanism of syncope. Possibly induced 
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acidosis has some value in the treatment of attacks which begin as ventricular 
fibrillation or tachycardia. Since multiple types of syncopal mechanisms may 
occur at different times in the same patient (46) ammonium chloride should 
always be employed with caution. Vandam and McLemore (47) have recently 
shown that there is good reason to anticipate circulatory arrest in patients 
with complete heart block undergoing anesthesia and operation. Respiratory 
acidosis was regarded as a possible causative factor and the suggestion ad- 
vanced that better pulmonary ventilation and the injection of molar sodium 
lactate may enhance the response of the myocardium to endogenously released 
sympathomimetic amines. 


SUMMARY 


An attempt has been made to provide an experimental basis for the treat- 
ment of Stokes-Adams disease. Chronic complete heart block was surgically 
produced in dogs and chronotropic responses to sympathomimetic amines 
determined. In a limited number of animals the influence of a variety of agents 
upon chronotropic responses to |-epinephrine and levarterenol was studied. 

The change produced in ventricular rate by |-epinephrine and levarterenol 
on any one day is inversely related to resting rate. Absolute or maximum drug 
response is comparatively fixed and independent of resting rate. 

As a ventricular cardioacceleratory agent levarterenol was generally superior 
to equal amounts of l-epinephrine in both unanesthetized and anesthetized 
animals. 

On a molar basis approximately six times as much levarterenol and twelve 
times as much l-epinephrine was required to produce the same ventricular 
chronotropic effect as isoproterenol in unanesthetized animals. Reflex vagal 
activity upon A-V nodal pacemakers in some humans with complete heart 
block may partially account for the difference between dog and man in response 
to levarterenol. A corollary of this argument suggests that the A-V node is a 
common site of the lesion of complete heart block in humans. 

The relative sensitivities of atrial and ventricular pacemakers to iso- 
proterenol, l-epinephrine and levarterenol are of the same general order. 

Pentobarbital transiently increased ventricular rate and persistently en- 
hanced responsiveness to l-epinephrine and levarterenol. 

Hydrocortisone had no acute effect upon ventricular rate or response to 
l-epinephrine and levarterenol. 

Acidosis of respiratory or metabolic origin resulted in slowing of resting 
ventricular rate and diminished sensitivity to l-epinephrine and levarterenol. 
Carbon dioxide depressed ventricular rate more than did equivalent degrees 
of acidosis induced by hydrochloric acid. This prompted the suggestion that 
intracellular rather than extracellular acidosis is a major determinant of 
bradycardia. Decreased sensitivity to cardioacceleratory drugs appeared to be 
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a function of blood pH. No consistent relationship was observed between plasma 
potassium and resting rate or responsiveness to drugs. 

Alkalosis of respiratory or metabolic origin produced resting ventricular 
rate acceleration and enhanced responses to |-epinephrine and levarterenol. 
Ectopic beats were confined to the period of recovery from alkalosis and then 
only developed following injection of sympathomimetic amines. Prefibrillatory 
activity was common during this period. 

It is concluded that acidosis should be promptly recognized and treated in 
the patient with complete heart block. When no initial acid-base derangement is 
present, alkalinization may be hazardous. 
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INTRODUCTION 


Three types of observations suggest that the kidney may play a role in the 
glucose economy of the body. First, it has been reported that nephrectomy or 
ligation of the ureters increases the glucose requirements of the hepatectomized 
animal (1). The effects of nephrectomy in this system have been confirmed 
(2, 3). Two other sets of observations have furthermore indicated that the 
kidney synthesizes glucose: 1) studies of renal arterio-venous glucose differ- 
ences (4~7), and 2) studies of glucose synthesis by kidney slices in vitro (8-10). 
However, the physiological significance of these observations remains unclear 
for several reasons. All previous studies have used glucose assay methods 
which lack in optimal specificity and precision. Furthermore, in experiments 
on “intact” animals, the use of anesthesia, hepatectomy, ligation of the ureters 
and the presence of acute operative trauma has obscured the interpretations of 
the findings as regards the normal animal. To further complicate the problem, 
whereas it appears that ureteral ligation increases the glucose requirement of 
the hepatectomized animal (1), it does not appear to abolish the appearance of 
new glucose in the renal vein (4~-7). Slice experiments have indicated that 
renal glucose synthesis is decreased in the adrenalectomized animal (10), but 
there is as yet no clear indication concerning how this may be related to other 
deficiencies of renal function seen after adrenalectomy. The entire problem 
appears to warrant further study from the physiological point of view. 

As an initial approach, we have tried to establish more precisely whether 
or not, in the normal state, the kidney synthesizes glucose in excess of its re- 
quirements, and have developed experimental techniques which appear superior 
to those used in the past. These techniques permit the drawing of arterial 
and renal vein blood samples from the calm, unanesthetized dog. Glucose con- 
centrations in these samples have been measured by a precise and specific 
procedure which will be described. As is to be shown, the observation that the 
kidney can deliver excess or “new” glucose into the renal vein has been con- 
firmed in the normal animal. The possible significance of this fact is to be 
discussed. It is quite evident that the validity of our observations is entirely 
dependent on the validity of the experimental techniques. For this reason, the 
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methods used are described in detail, with a description of studies done to 
evaluate potential sources of error. 


METHODS 
I. Implantation of Catheters 


Normal male and female adult mongrel dogs were used. All were maintained on normal 
high protein kennel rations before and after the surgical procedures, except as noted. Two 
surgical approaches have been used for the implantation of catheters into the blood vessels. 
Our experience indicates that the second procedure is preferable. In both procedures, the 
dogs were anesthetized with sodium pentobarbital (30 mg/kg body weight) and prepared 
for sterile surgery at the chosen operative sites. 

Method A: In the first four dogs to be reported, the left renal pedicle was approached 
retroperitoneally by means of a left flank incision, and the left spermatic vein visualized 
at its junction with the renal vein, using blunt dissection as necessary. The spermatic vein 
was ligated, and a #20 polyethylene catheter inserted into it proximally until the tip of the 
catheter projected about 1 millimeter into the renal vein. It was sutured securely in this 
position. The free end of the catheter was then brought out through a separate stab wound 
dorsal to the initial flank incision. At the same operation another catheter was inserted into 
the aorta through one of the carotid arteries. The free end of this catheter was also brought 
out through a separate stab wound on the dorsum of the neck. 

Method B: In the second series of four dogs, the abdomen was entered by a long midline 
incision and the intestines rotated to the left by sweeping them over with the duodenal 
mesentery. This widely exposed the aorta, inferior vena cava, the right and left renal and 
adrenal veins and the spermatic or ovarian veins (see Fig. 1). A pursestring suture of 5-0 
“arterial”’ silk was placed in the caval wall opposite the lumen of the left renal vein. A #T-7 
polyvinyl catheter*® was introduced through a small stab wound in the middle of the purse- 
string and then threaded into theleft renal vein as far as the spermatic or ovarian vein, which 
was subsequently ligated and divided. A small suture of 5-0 silk was then placed in the wall 
of the renal vein and around the catheter about 3 or 4 mm from its end, thus holding it in 
position against the wall of the renal vein without occluding the vein. This suture, properly 
placed, is the key to an efficient and chronic preparation. The catheter was sutured securely 
at several points to the posterior abdominal wall up to a point where it was brought out 
through a separate stab wound in the right posterior flank. Another catheter was introduced 
similarly into the abdominal aorta and brought out caudad to the renal vein catheter in the 
flank. In two dogs the inferior vena cava was also catheterized, distal to insertion of the 
renal vein, with the tip of the catheter at the level of the caval bifurcation. No infections 
were subsequently seen at the wound or catheter sites. 

In one animal, in which renal function was to be studied, the bladder was bisected after 
the method of Desautels (11). In this dog nylon cannulas were inserted into each bisected 
portion of the bladder and brought out in the lateral areas of each suprapubic region. 


II. Maintenance of the Catheters 


As soon as each catheter was in place in its vessel, heparinized saline‘ was instilled through 
an 18 gauge needle on a syringe. The catheter was then closed by a small clamp across the tip. 
The greatest problem found in the maintenance of these catheters was that of preventing 





3 Surprenant Co., 199 Washington Street, Boston, Massachusetts, Catalogue #T-7. 
This size barely admits an 18 gauge needle into its lumen. 
41 ml heparin/250 ml .85 per cent NaCl. 
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the dogs from chewing or pulling them out after they recovered from anesthesia. In the first 
four dogs studied, stockinette jackets and many yards of adhesive tape were used. During 
, the experiments an extra person was required to restrain the dog during withdrawal of the 
ough blood samples. It was subsequently found that use of body jackets made of light canvas 
> tip. solved many of the problems encountered. These jackets permitted entirely normal activity 
iting of the dogs on days between experiments, and they also solved the problem of restraint 
ee during experiments. With their use, in conjunction with a restraining frame, it was found 
‘T-7. possible for a single person to carry out the experimental procedures. The jackets were 
tailored to fit dogs of specific weight ranges, and had four holes for the legs and a series of 
tags which could be tied across the back of the animal between experiments, or to the frame 
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for restraint during experiments. Between experiments, the heparinized catheters, clamps 
attached, were held against the side of the animal inside the jacket. Generally a few strips of 
adhesive tape were passed entirely around the abdomen before the jacket was put on, and 
the clamps then attached to these strips with more tape. This held the clamps in place and 
made it unnecessary to pull tape from the fur at the time of an experiment. On experimental 
days the dogs could remain in the frame for two or three hours with no distress, in an upright 
position. If their legs became tired they could lower themselves into the jacket and rest, 
which all of them did from time to time. Water was made available to them by a stand 
holding a water pan. As a general rule, however, they did not drink. A towel about the 
neck of the dog was usually clamped to the top of the frame in such a fashion that the dog 
could rest its head and neck. Occasionally it was necessary to have a leash on the neck, 
tied to the frame anteriorly, so that the head could not be turned back far enough to reach 
the catheters. 


III. Drawing of Blood Samples 


The catheters were attached to three-way stopcocks via needles. These were held tightly 
by clamps attached to the frame. Syringes could thus be put on and off with a single hand. 
When blood samples were to be drawn, each catheter was quickly cleared of anticoagulant 
by withdrawing two ml. of blood and fluid. The stopcocks were then closed, and dry syringes 
put in place. Four ml. of fresh blood were then drawn simultaneously from each catheter. 
These blood samples were immediately placed into bottles containing 6 mg. of dry disodium 
ethylenediaminetetraacetic acid with which the blood was immediately mixed by capping 
with parafilm and inverting. For preparation of plasma, samples from the anticoagulant 
bottles were quickly transferred to dry tubes in an ice bath. For whole blood studies, 2.0 
ml. aliquots were quickly transferred to tubes containing .5 ml. 40 per cent trichloracetic 
acid, and shaken. An attempt was made in each case to centrifuge blood for plasma samples 
as quickly as possible, following which the plasma was stored frozen. Between sampling, 
heparin solution was injected into the catheters. During the average experimental run, 
pairs of samples were drawn roughly every fifteen minutes. Usually a total of no more than 
eight pairs were drawn. This resulted in a maximal blood loss to the dog of less than 70 ml. 
Bloody fluid removed on clearing the catheters was re-injected before instilling heparinized 
saline. 


IV. Measurement of Glucose Concentrations in Whole Blood and Plasma 


The procedure adopted was derived from a method originally described by Keston (12) 
and Teller (13), which depends on the reaction of glucose with glucose oxidase and thereby 
is virtually specific for glucose. We have carried out a series of studies with the method as 
used by us and with the enzyme preparations employed to make certain that in our condi- 
tions the method gives valid results. These will be presented. At the present state of our 
experience with the procedure, it seems advisable that these studies be repeated with each 
new lot of glucose oxidase used, and also if further modifications of the procedure are to 
be made. During the preparation of this manuscript another modification of the same princi- 
ple has appeared (14) which, however, employs considerably different conditions for the 
assay procedure. In all of these procedures aqueous glucose solutions are incubated at room 
temperature in air with a buffered mixture of glucose oxidase, horseradish peroxidase and a 
dye, o-dianisidine (enzyme-dye reagent). This is done at glucose concentrations well below 
the K,, of glucose for glucose oxidase.* In this reaction glucose is converted to gluconic acid 
and hydrogen peroxide is formed in equimolar amounts. The rate of peroxide formation is 





5 The K,, has been given as 4.2 X 107% (15). 
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then measured by the oxidation of the o-dianisidine, which is catalyzed by the peroxidase. 
The dye is thus converted to a colored product with a broad absorption spectrum con- 
veniently measured at 420 millimicrons. Unknown concentrations are plotted from a curve 
made from standards run simultaneously in each assay, after correction for reagent blank 
readings. 

Time curve studies of the rate of color development, employing initial glucose concen- 
trations in the ranges to be described, indicate that the reaction rate proceeds according 
to a “die-away” curve with a half-time of about 10 minutes. Color development is thus 
always directly proportional to the initial glucose concentration. Incubation times have 
been chosen for ease of accurate measurement and optimal optical densities for spectro- 
photometric assay. 


a) Preparation of materials for assay 


1) Plasma. .3 ml.° aliquots of plasma were mixed thoroughly with .i ml. of 12 per cent 
trichloracetic acid, and the mixture centrifuged. .2 ml. of the supernatant were then mixed 
with an equal volume of .09 N NaOH, which made the solution slightly alkaline. This ma- 
terial was then stored in stoppered tubes for as long as 1 hour, until glucose assay was per- 
formed. 

2) Whole blood. Immediately after being mixed with the anticoagulant |cf Methods IIT], 
2.0 ml. of whole blood were transferred with a volumetric pipette into a screw capped tube’ 
containing .5 ml. of 40 per cent trichloracetic acid. The cap was replaced and the tube vigor- 
ously shaken. After 24 hours in the refrigerator the tubes were centrifuged and the super- 
natant transferred to a clean tube, which was stoppered and stored in the refrigerator 
(approximately 5°C) until the time of assay. Just prior to assay, .2 ml. aliquots of this super- 
natant were taken to a pH somewhat above 7.0 by addition of an equal volume of 
.29 N NaOH. After mixing and standing about 15 minutes at room temperature, this ma- 
terial was recentrifuged. This latter procedure frequently resulted in the appearance of a 
pale, slightly pink or yellow flocculum in the bottom of the tube, the removal of which ap- 
peared to increase the reproducibility of the determinations. This last centrifugation also 
brought the blank readings of supernatant in water to nearly zero. No difference in blank 
values of arterial and renal vein blood supernatants has been seen. 

3) Enzyme-dye reagent. This was prepared just prior to use as follows: 100 ml. .1 M po- 
tassium phosphate buffer, pH 7.1 at room temperature, was divided into two equal parts. 
To one aliquot was added 125 mg. glucose oxidase (Takamine) and 10 mg. horseradish 
peroxidase (Worthington). To the other aliquot was added 2.0 ml. of 1 per cent o-dianisidine 
in ethanol. After mixing separately, both aliquots of buffer and their additions were mixed 
together and filtered through Whatman #1 filter paper. It is to be noted that this reagent 
is essentially that of Teller (13), but that the buffer concentration and peroxidase concen- 
trations have been increased, Teller having used 5 mg. peroxidase in 100 ml. .005 M buffer. 
.1M buffer is strong enough to control any variations in pH in the supernatant. The reagent 
is stable for several hours, although blank values slowly rise on standing. The enzymes and 
dye are stable for months or longer when stored dry under refrigeration. 


b) Assay procedure 


.1 ml. aliquots of the alkalinized supernatants to be assayed were transferred in duplicate 
to 15 * 125 mm. tubes. In each series of determinations .1 ml. water, and 20, 40, 60 and 





® All volumes below 1.0 ml. were pipetted with use of Lang-Levy constriction micro- 
pipettes such as have been described (16, 17). 
7 Caps sealed with Teflon (Will Corp.) 
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80 mg. per cent equilibrium glucose were also assayed in duplicates. Tubes and reagents 
were allowed to come to room temperature on the laboratory table, before the assay was 
started. The procedure was started by blowing 2.0 ml. aliquots of the enzyme-dye reagent 
into each tube successively at 15 second intervals. After a precisely timed interval, in the 
range of 10-12 minutes,’ 1.0 ml. .5 N HCl was blown into each tube in the same order, also 
at 15 second intervals. Optical density of each tube was then measured at 420 millimicrons. 
The duplicate readings were then averaged and glucose concentrations of the unknowns 
determined from the standard plot for each series. 


c) Calculations 


To obtain the glucose concentration in the original blood or plasma, the concentration in 
the alkalinized supernatant, determined above, is multiplied by a factor of 2.1, for whole 
blood, and 2.5 for plasma.® The distortion caused by differences in water content of renal 
vein and arterial samples due to hemo-concentration is discussed in a later section. It can be 
shown that the maximal distortion is somewhat less than the difference in the water contents. 


d) Specificity of the method, and alpha-beta glucose equilibrium 


Glucose oxidase is highly specific for glucose, and reacts specifically with beta glucose 
(18). The method presented, however, measures total glucose, probably in part due to the 
presence of mutarotase in the commercial glucose oxidase preparations, and also in part 
to the fact that the supernatants used and the reaction mixture are both somewhat alkaline, 
which greatly increases the rate at which alpha and beta glucose reach equilibrium. Freshly 





8 Incubation time may vary from 10-12 minutes, if accurately timed. Times varying 
from 7-21 min. have been found suitable in checks with glucose standards, but 10.0 min. 
generally gives readings in the optimal range for precision. If more than 40 tubes are to be 
run in one assay, the incubation time must be greater than 10.0 min. 

* In this procedure whole blood and plasma have undergone a small dilution in the prepa- 
ration of the protein-free supernatants. It is therefore necessary to correct for the water 
contents of the original materials. The general formula is as follows: 


G:V 1 
Oo = WH) + (Wey * 2 
where G; is the glucose concentration in the alkalinized supernatant and G that of the original 
whole blood or plasma (mg/ml); V is the volume (ml) of whole blood or plasma used, and 
V; the volume of trichloracetic acid used; H is the water content (gm/ml) of the whole 
blood or plasma, and H, the water content of the trichloracetic acid used. In the assay pro- 
cedure described, V is 2.00 ml. for whole blood, and .3 ml. for plasma; H is .86 gm/ml for 
whole blood and .94 for plasma. V; is .500 ml. for whole blood and .100 ml. for plasma; H;, 
is .77 for the 40 per cent trichloracetic acid used with whole blood, and .93 for the 12 per cent 
trichloracetic acid used with plasma. 

By rearrangement, the formula given above becomes 


2(V-H + Vi-Hi) 
So 


G=G Vv 





By substitution of the appropriate values given above 


G = G; X 2.1, for whole blood 
G = G; X 2.5, for plasma. 
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prepared solutions of alpha glucose, prepared by the method of Hudson and Dale (19), have 
been added to plasma. Filtrates were then made, as described, and assayed against equi- 
librium glucose. Virtually exact recoveries were obtained. Solutions of the following carbo- 
hydrates gave no reaction with this method: Fructose-6-phosphate, glucose-6-phosphate, 
D levulose, D xylose, D-arabinose and D-sorbitol all at 50 mg. per cent in the added aliquot. 
D galactose and glycogen gave slight color development, about 3 per cent of that of glucose 
at the same concentrations. Keilin and Hartree (15) noted a similar rate of reaction of galac- 
tose with glucose oxidase. 

It is highly unlikely that any peroxide forming substrate other than glucose could be 
operative in this system, and the method evidently gives true glucose measurements provided 
that interfering substances are removed from the supernatants assayed. Recovery experi- 
ments with the supernatants described have been highly satisfactory. Studies of diluted 
filtrates also indicate the absence of interfering substances. 


e) Standard curve 


The standard curves are nearly linear, but not exactly so. When concentrations are 
below 15 mg. per cent in the aliquot added to the enzyme-dye reagent, there is a slight dis- 
tortion, possibly related to the presence of catalase in the glucose oxidase preparations. This 
could compete with the peroxidase for the H.O» formed, making the standard curve slightly 
concave. For this reason, slight modifications of the given procedure may be desirable for 
assay of glucose in solutions containing less than 15 mg. per cent glucose. This presents no 
problem in this procedure if the glucose concentration in the fresh whole blood or plasma 
is above 40 to 50 mg. per cent. 


f) Accuracy of the method 


Estimates of the error of a single glucose concentration measurement have been made by 
performing two separate assays on pairs of blood filtrates and plasma. The mean difference 
between duplicate assays on a series of twelve plasmas was .08 mg. per cent with a standard 
deviation of +1.51 mg. per cent. For 34 duplicate assays on whole blood filtrates the mean 
difference was 2.1 mg. per cent, standard deviation being +2.3 mg. per cent. Much of this 
variation appears to be systematic and due to slight variations in the standards. There is 
much less variation between the first and second determinations of differences in concentra- 
tions (renal vein-artery). In 17 such pairs of whole blood filtrates the mean difference be- 
tween the first and second measurements of pair difference in glucose concentration was .11 
mg. per cent, with a standard deviation of +1.06 mg. per cent. A slightly different pooling 
of data, in which the squared deviations of each pair difference measurement from the 
average of the duplicates are summed, gives an estimate of the error (at the 95 per cent con- 
fidence level) of a single pair difference measurement as +1.80 mg. per cent in both plasma 
and whole blood. 

As shown in Results, the method appears satisfactory for the purposes of the studies re- 
ported. Even though the mean arteriovenous differences found are smaller than the error 
for a single pair difference measurement, it can be seen that the standard errors of the means 
found are quite small. All analytical errors are included in the standard errors of the experi- 
mental means, together with all other possible sources of variation. It is to be expected, of 
course, that analytical errors will tend to cancel out in a series of measurements. 


g) Comparisons with other methods 


Plasma glucose concentrations determined with this method compare well with those 
found in Folin-Wu filtrates (20) by the method of Benedict (21), being 1 to 3 mg. per cent 
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lower in the glucose oxidase method. Whole blood assayed similarly before and after treat- 
ment with glucose oxidase also checked closely.!® 


h) Storage of blood samples before preparation of plasma 


For preparation of plasma samples, the whole blood aliquots sometimes remained in the 
ice bath as long as 30 minutes before centrifugation. This raised the possibility that some 
of the A-V differences seen might be due to changes in the blood during the storage period. 
An experiment to test this possibility is described in the results (cf table V and corresponding 
text). No significant distortion of plasma A-V differences due to storage in the ice bath has 
been seen. 


RESULTS 


Catheters were implanted into the aorta and renal vein in twelve dogs by 
the techniques described. It was possible to maintain patency of the catheters 
for a period of 10 or more days in eight of the dogs. These eight are reported 
upon here. Distinct increments in renal vein glucose concentrations were found. 
In the last four dogs studied, all prepared by method B, periodic X-ray con- 
firmation of the position of the renal vein catheter was achieved by making 
films during the rapid injection of radio-opaque material into the catheter, at 
the end of the series of experiments." In all cases, the position of the tip of the 
catheter and the path of the dye flow indicated that the catheter was in the 
renal vein. 

Having established the surgical techniques, we proceeded at first to measure 
only the plasma arterio-venous differences. This was partly due to the initial 
assumption that this would accurately reflect the concentration differences 
in the whole blood. To check this point, both whole blood and plasma differ- 
ences were studied in the last dog of the series, and, as is to be indicated, it 
appears that the increments in glucose concentration found in the renal vein 
are largely in the plasma fraction of the blood. Direct determinations of water 
content of the whole blood and plasma from the aorta and renal vein of this 
same dog have been made. Simultaneous measurements of the hematocrits of 
arterial and renal vein blood have been made in several dogs, and no measur- 
able difference has been noted. This observation has been reported previously 
(23). Clearance of p-aminohippuric acid by each kidney has been measured 
in two dogs. 

Table I presents the renal plasma arteriovenous differences measured in 
each of the successful preparations. All dogs were fasted for 16-20 hours before 
experiments. It is clear that in only one dog have we failed to see clearly posi- 
tive average differences between renal vein and arterial plasma. The mean 


'0'To correct for non-glucose reducing substances, the procedure described by Froesch 
and Renold (22) was used. 

" The value of this procedure was emphasized by the discovery of a renal vein thrombosis 
in one dog, otherwise unsuspected. This dog is not included in the series reported. 
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TABLE I 
Summary of Renal Vein-Artery (RV-A) Glucose Concentration Differences. (mg/100 ml) 
























































| | Number Obser- | | 
IMethod | _Post- callene no eee’ = eet Mean RV-A + S.E. 
Dog Sex | of, pparanive! Day* 
Prep’n Studied |-——— ; nae 
| (PL) | (WB) (PL) (WB) Plasma Whole Blood 
1 MA 4, © | +4.3 + 1.43 | 
12 kg } 6 | 2] 
| 7 2 | | | | 
9 1 | | | | 
= 
2 MiA SF £] 3 | | +.9 + .95 
11 kg 6 | 1 | | 
9 1 | 
| } } } } 
3 | M|A 2) 3 | | 6 | —.23 + 2.12 | 
16 kg | | | 3 | 
4 MiA = i | 4 | +2.5 + .83 
18 kg 
i | | i 
, Ee Pi eis} | § +2.0 + .32 
i3kg | } } | 
| | } | | | | 
™ 
> re ietrr ti s te +2.0 + .31 | 
16 kg 
7 |M/B eT < is +2.3 + .66 | 
16 kg 8 1 | 
8 |F B i. 6 13 18 | +1.5 +4 .21 | +.97 + .202 
14kg | 15 | 4 7 
| | 22 4 5 
Mean RV-A (Plasma): All Dogs +1.9 + .46(S.E.) 


Method A Dogs +1.9 + 1.03 
Method B Dogs +1.9+ .18 
(PL) = plasma; (WB) = whole blood 
* This is the number of sample pairs drawn when the dogs were fasted for 16-20 hours. The 
data presented in this table were obtained at times when the arterial blood glucose levels were 
fairly constant, although sometimes they appeared to be rising slowly. The pairs were drawn at 
intervals of approximately 15 minutes. Typical blood and plasma glucose levels are shown in Table 
IV, a detailed presentation of data from one dog. 


renal plasma glucose increment for the four dogs prepared by method B is 
presented separately, inasmuch as it seems likely that this is the superior 
method, and these dogs were kept in the jackets and frame during experiments. 
They were thus handled much less during the experimental periods. There is, 
however, no difference between this mean and the mean for all of the dogs. 
The mean whole blood glucose increment found in all samples drawn from 
dog 8 is also shown. 
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TABLE II 


Comparison of Simultaneous Determinations of Plasma Glucose Concentration Differences in Renal 
Vein, Aorta and Inferior Vena Cava 





| Post-operative 























Dog Renal Vein-Aorta Inf. Vena Cava-Aorta 
5 2 +1.7 mg/100 ml —1.0 mg/100 ml 
+2.3 mg/100 ml —2.2 mg/100 ml 
+1.1 mg/100 ml —2.3 mg/100 ml 
+2.3 mg/100 ml — .6mg/100 ml 
+3.0 mg/100 ml —1.2 mg/100 ml 
6 7 +2.3 mg/100 ml —2.4 mg/100 ml 
+2.1 mg/100 ml — .5 mg/100 ml 
+1.4 mg/100 ml —1.2 mg/100 ml 

EE Oe Satie +2.0 —1.4 

| See eee pres honten + .22 +.26 

TABLE III 
Extraction and Excretion of p-aminohippuric acid (PAH), dog 7 
Collection ee PAH a < oe PAH Extraction from Blood 
Peri - —| mA 
R* L* R | L 

1 | 25 25 5.50 | 3.12 43 per cent 
2 61 50 3.05 2.81 55 per cent 





*R = right. L = left. 

This experiment was done 12 days after catheterization and 8 days after the bladder-splitting 
procedure (see Methods). When the dog was satisfactorily in place in the restraining frame, a priming 
dose of 17 ml. of 4 per cent sodium p-aminohippurate (pH 7) was given intravenously via an exist- 
ing infusion in a leg vein, and was followed by a continuous infusion of .044 per cent sodium p- 
aminohippurate in .85 per cent NaCl at the rate of 7 ml/min., using a constant infusion pump. 
Forty minutes later, two urine collection periods, twenty minutes each, were started. Blood samples 
from the aorta and renal vein were drawn precisely in the middle of each collection period, for deter- 
mination of PAH concentration. We are indebted to Dr. Floyd Rector for the PAH concentration 
measurements in the blood and urine samples. These were performed by the method of Bratton and 
Marshall as modified by Smith et al. (24). 


In Table II are presented data on the plasma glucose arteriovenous differ- 
ences in the two dogs in whom catheters were also placed in the inferior vena 
cava. In view of the sharp differences seen, little comment is necessary, other 
than that, even in this small series, the magnitude of the increase in glucose 
concentration in the renal vein plasma is statistically highly significant. 

A comparison of renal function on the catheterized (left) and uncatheterized 
(right) sides is presented in Table III, performed in one dog. Details of this 
experiment are given in the legend. It is notable that the p-aminohippuric acid 
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(PAH) extractions on the left side are somewhat lower than one might expect, 
and that the PAH excretion on the left side is slightly lower than on the right. 
Urine flows, however, are nearly identical. In another dog, prepared by one of 
us (J. R. J.), using method B, and studied in an entirely similar manner, Rector 
and Orloff (25) have shown consistent PAH extractions in the catheterized 
kidney of about 75 per cent, which indicates good renal function. Equal PAH 
excretions by both kidneys were found. The left renal blood flow in this dog 
was calculated from the PAH excretion on the left side and the A-V difference, 
and was found to be 300 ml/min. This would indicate a total renal blood flow 
of 600 ml/min. The dog weighed 25 kg., and the total renal blood flow can thus 


TABLE IV 
Detailed Presentation of Blood and Plasma Glucose Concentrations in Dog 8 






































Glucose Concentrations (mg/100 ml) 
a - | Whole Blood Plasma Hematocrit 
| ame Regal Nels | (RV-A) i | or (RV-A) 
80.5 83.0 | +2.5 | 108.5 109.5 | +1.0 
82.0 83.5 +1.5 108.0 110.3 +2.3 
81.7 81.3 —.4 107.3 108.0 +.7 40 
8 _ _— 105.8 108.3 +2.5 
83.6 84.2 +.6 —_— — 
83.5 84.1 +.6 109.0 110.3 +1.3 
84.6 85.4 +.8 — _— 
76.0 77.7 +1.7 96.5 98.5 +2.0 
76.4 76.2 —.2 98.8 99.8 +1.0 
| 77.0 78.4 +1.4 98.0 98.3 +.3 
15 _ _— 106.5 106.8 +.3 38* 
83.4 83.6 +.2 _ _ 
81.9 84.2 +2.3 o -- 
84.2 84.2 0.0 — — 
85.9 86.1 +.2 _ — 
_ — 93.5 95.5 +2.0 
89.4 90.8 +1.4 118.8 121.0 +2.2 
22 93.0 93.7 +.7 126.3 128.3 +2.0 36 
98.3 99.1 +.8 131.5 133.3 +1.8 
95.3 97.4 +2.1 -- — | 
96.4 97.7 +1.3 — — 
DR cosbkis td sak eee ecas cewe eben + .97 +1.49 
ites ernst oekk cana eaeae sed + .857 + .765 
eke hes iin dig ee Ne cats a + .202 +.212 
NG orale as puna eae ee ee <.001 < .001 








* This determination was made on post-operative day 18. 
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be expressed as 24 ml/kg. body weight/min. As will be shown in the discussion, 
this figure compares very favorably with other estimates of renal blood flow 
which have been reported by others. 

Table IV presents a tabular summary of glucose concentrations in arterial 
and renal vein blood and plasma from the same pairs of bloods from dog 8. 
The mean whole blood difference in the series compared is +.97 mg. per cent, 
whereas the mean plasma difference is +1.49 mg. per cent. The ratio of the 
whole blood difference to the plasma difference (AWB/APL) is thus .65. These 
figures suggest that the increment in glucose concentration in the renal vein 
above that in the artery is primarily in the plasma. It seems probable that 
the time period between drawing of the blood samples and their immersion 
in the ice bath (for plasma preparation) is too short to allow establishment 
of equilibrium between red cell and plasma water glucose concentrations. In 
a single experiment to test this point, it was shown that glucose added to 
chilled, aerated, dog jugular vein blood distributed itself in a volume close 
to that of the calculated plasma water volume. The glucose thus did not appear 


TABLE V 
Effects of Storage of Blood in Ice Bath on Plasma Glucose Concentrations 





Measured Glucose Concentration 





Storage Time (before centrifuging) 





Ateriel Blood | Renal Velo Blood | RV-A 
Simin... .. x wikakain ...| 108.5 mg% 109.5 mg% +1.0 mg% 
85 min..... Suedahs .| 108.0 108.8 +.8 





Five ml. samples were drawn simultaneously from the aorta and renal vein, and each placed in an 
anticoagulant bottle. Following an initial chilling period, one half of each sample was centrifuged 
within five minutes of the time it was drawn, the other half being allowed to remain in an ice bath 
for 85 minutes. The plasma glucose concentrations found in each aliquot are shown, and it is ap- 
apparent that no appreciable distortion of the renal vein-artery plasma difference has occurred. 

















TABLE VI 
Water Content of Arterial and Renal Vein Whole Blood and Plasma in Dog 8 (gm/100 ml) 
| Whole Blood Plasma 
Post-operative Day | | Hematocrit 

| Artery | Renal Vein Artery | Renal Vein 
| (A) (V) (A) (Vv) | 

15 | 86.48 6.25 | 94.6 | 94.25 | 38% 

22 86.55 86.47 94.25 94.15 36 

25** 86.30 | 86.20 93.70 | 93.40 33 

Whole Blood Plasma 
Mean: A-V....... -14 + .047 .25 + .076 





* Hematocrit done on the 18th post-operative day. On day 8 it was 40. 
** The dog had been on cortisone acetate 5 mg/kg I.M. for four days as part of an initial experi- 
ment not reported here. 
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to enter the red cells to an appreciable extent over a period of several minutes 
under these conditions. In another experiment it was shown that storage of 
paired arterial and renal vein blood samples in the ice bath for a period of 85 
minutes did not appreciably affect the measurement of the difference in their 
plasma glucose concentrations. The concentrations in both samples dropped 
slightly, but to a nearly equal extent (Table V). 

Determinations of the water contents of arterial and renal vein blood and 
plasma are shown in Table VI. These determinations were made by weighing 
known volumes of blood and plasma, followed by desiccation over P.O, to 
constant weight. The average difference seen (Artery-Renal vein) was +.14 
gm/100 ml. in whole blood and +.25 gm/100 ml. in plasma. These figures 
are quite reasonable in view of known renal blood flow rates and urine flow 
rates in dogs. 

The significance of these findings is to be discussed. 


DISCUSSION 


It is clear that in these dogs, under the conditions described, the glucose 
concentrations in the whole blood and plasma leaving the kidney were higher 
than those in the whole blood and plasma of the aorta. As will be shown, these 
differences are greater than can be explained by hemoconcentration. It is 
also to be noted that these dogs were calm, unanesthetized and post-absorptive, 
and were undergoing no forced diuresis. They were also always at least two 
days into the post-operative period. There is no evidence from our data that 
the glucose increments seen in the renal vein diminished as the post-operative 
period lengthened. 

That hemoconcentration cannot explain the concentration increments 
seen is indicated by the data in Table VI, and also by consideration of known 
rates of renal blood flow and urine flow in dogs. For example, Houck (26) has 
given values of 13.51 (+.375) ml/min/kg for the effective renal plasma flow, 
as determined by clearance of p-aminohippurate. From this figure, a total 
renal blood flow of approximately 23 ml/kg/min can be estimated. Cohn 
et al. (6), in their own studies of glucose synthesis by the kidney, measured 
renal blood flow by means of a rotameter implanted in the renal vein. The 
average figure for total renal blood flow (by our calculation) is 27.4 ml/kg/min 
(+2.5), in their dogs in the control periods. Thus, an average figure for total 
renal blood flow can be taken as 25 ml/kg/min in the dog. A 10 kg. dog would 
then have a renal blood flow of about 250 ml/min. If such a dog were to excrete 
1 ml of urine a minute, which would be a very high flow rate in the absence of 
forced diuresis, the water loss seen in the renal vein blood would be 1/250, 
or .4 per cent. If no new glucose were delivered into the renal vein blood, 
but all the glucose in the renal arterial blood were present, one might expect a 
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maximum increment of .3 mg. per cent in the renal vein at the blood glucose 
concentrations seen. 

In dog 8, in 18 pairs of whole bloods, a mean increment of +.97 mg. per cent 
was seen (Table IV). This figure is distinctly higher than that which could 
reasonably be expected from hemoconcentration, leaving a margin of at least 
+.6 mg. per cent as the smallest “new” glucose increment to be expected 
from our data. 

It is notable that in dog 8 the mean plasma increment seen is lower than 
the mean for all the dogs. This suggests that the mean whole blood increment 
for all the dogs may also have been higher than that seen in dog 8. By taking 
the mean plasma increment of +1.9 + .46 mg. per cent (Table I) and multi- 
plying it by the factor of .65 (the ratio of whole blood to plasma increments 
seen in dog 8, Table IV), estimates of +.935 to +1.53 mg. per cent can be 
made for the mean whole blood glucose increment. Subtraction of .3 mg. per 
cent, a maximal figure for hemoconcentration, would leave +.63 to +1.23 
mg. per cent as the true whole blood glucose increment. This range of incre- 
ments indicates a renal glucose production of 9.5 to 18.5 mg/kg body 
weight/hour, taking the total renal blood flow to be 25 ml/kg/min. 

It is of some interest to compare this renal glucose production with previous 
estimates of hepatic glucose production in the dog. For example, Soskin and 
Levine (27) reported an estimate of 228 mg/kg/hour for the peripheral glucose 
utilization in the eviscerated dog. An estimate of hepatic glucose production 
can also be made by taking figures for hepatic blood flow (28) and hepatic 
A-V differences (29). Combination of these values leads to an estimate of 150 
mg/kg body weight/hour in the well-fed, unanesthetized dog. Comparable 
estimates of hepatic glucose production in man have also appeared (30, 31). 
It seems that estimates of 150-200 mg/kg/hour are reasonable. The variations 
and uncertainties in estimating the magnitude of both renal and hepatic glucose 
production make further speculation at this point appear unprofitable, but 
from the figures available one might estimate a possible range for renal glucose 
production of 4.75 to 12.3 per cent of the hepatic. It seems unlikely, therefore, 
that renal glucose production is related specifically towards regulation of the 
blood glucose concentrations. On the other hand, it seems possible that renal 
gluconeogenesis may be related to some intrinsic activities of the nephron. 
In view of this possibility, further studies are being planned in which renal 
blood flow and glucose arteriovenous differences will be measured simul- 
taneously by the techniques described, in a variety of situations. It is hoped 
that these studies will help to clarify this problem. 

A final point of some interest remains to be discussed. In 1938, Bergman and 
Drury (1) demonstrated a distinct rise in the glucose requirements of the 
hepatectomized rabbit when the renal pedicles or the ureters were ligated. 
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In these animals, who had been previously fasted for four days, cessation of 
urine flow nearly doubled the rate at which it was necessary to infuse glucose 
in order to maintain normal blood glucose levels. It was concluded that the 
kidneys evidently removed from the blood a substance which in some way 
inhibited the glucose utilization of the peripheral tissues. The same type of 
observation has been made in experiments with eviscerated rats (2, 3). If it is 
possible to transpose data from rodents under such conditions to dogs under 
our conditions, certain questions may be raised. It is clear, for example, that 
if the rabbit kidneys after hepatectomy were producing no more than 12 per 
cent of the original hepatic output, it is not possible to explain the observations 
of Bergman and Drury on the basis of depriving the animals of renal glucose. 
Whereas this is highly speculative, it still appears to re-open the possibility 
that the kidneys exert some influence on peripheral glucose requirements. 
This possibility seems to be increased by the observation, already discussed, 
that ureteral ligation increases the apparent peripheral glucose requirements, 
while it does not seem to seriously interfere with renal glucose production. 
This matter deserves further investigation. 


CONCLUSIONS 


1) Previous reports of glucose synthesis by the kidney have been confirmed 
in the intact, unanesthetized dog, using a precise and highly specific glucose 
assay technique. 

2) For these studies, techniques have been developed which allow the im- 
plantation of catheters into the aorta and renal vein several days prior to the 
definitive experiments. 

3) Estimates of the magnitude of renal glucose synthesis have been made 
which indicate that the kidney produces blood glucose at a rate of 9.5 to 18.5 
mg/kg body weight/hour. This is estimated to be in the broad range of 4 to 13 
per cent of the hepatic glucose production. 

4) The possible implications of this observation are discussed. 
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ABSTRACTS OF PAPERS PRESENTED BEFORE THE MEETING OF 
THE JOHNS HOPKINS MEDICAL SOCIETY IN ASSOCIATION 
WITH THE ALPHA OMEGA ALPHA FRATERNITY 


May 12, 1958 


HISTOCHEMICAL DEMONSTRATION OF CYTOCHROME OXIDASE WITH A NEW 
REAGENT FOR THE NADI REACTION 


Davip T. CRAWFORD 
Paper to be published in its entirety. 


COMPARISON OF INTRADERMAL AND INTRAMUSCULAR IMMUNIZATION OF 
MICE WITH FLUID TETANUS TOXOID 


Harotp C. Neu AND JAMES H. Norton 


In an attempt to investigate the comparative efficiency of intradermal and intramuscular 
immunization, Webster-Swiss white mice were injected with fluid tetanus toxoid. The 
antitoxin response was assayed by challenge with tetanus toxin. Animals were immunized 
with 0.1 ml. of toxoid in doses ranging from 0.15 to 2.4 Lf (0.0125-0.2 ml.) and challenged 
with toxin doses of 2 and 5 MLD at 7, 14, 21, and 30 days after a single initial immunizing 
dose. 

The intradermal route at 7, 21, and 30 days after the initial injection was equivalent to 
but never significantly better than the intramuscular route. The antitoxin response at 14 
days was maximal for both routes. The intradermal route of injection was significantly better 
than the intramuscular route at antigen levels of 1.2 and 0.3 Lf. Mice immunized intrader- 
mally generally became paralyzed at a much slower rate or died later than did the intra- 
muscularly immunized groups. Combining all the immunizing doses and both challenge levels 
given at 14 days after the primary injection, it was found that intradermal immunization 
resulted in better protection against paralysis at the 3 per cent level of confidence and against 
death at the 1 per cent level. 

These results were confirmed in another experiment comparing the effect of two im- 
munizing doses. Animals were immunized with 0.3 Lf (0.025 ml.) of fluid tetanus toxoid and 
were given another injection 30 days later. The best protection was observed when both 
injections were intradermal. Mice immunized in this manner showed less paralysis than 
animals given two intramuscular injections. The difference was significant at the 1 per cent 
level of confidence. The preliminary data indicate that those animals which received the 
initial injection intradermally always had significantly better protection than those re- 
ceiving the initial injection intramuscularly regardless of the route used for the second in- 
jection. These data further suggest that initial intradermal immunization may be important 
in determining the extent of subsequent antibody production. 

Although it appears that the intradermal route of immunization may be superior to intra- 
muscular immunization in mice, these results cannot yet be extrapolated to the human 
situation since the mouse does not necessarily produce antibody in a fashion identical with 
the human being, and the possibilities of allergic reactions that may result from intradermal 
injections were not investigated. 
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INTERACTION OF INFLUENZA VIRUS AND VASCULAR ENDOTHELIUM AS 
DETERMINED BY PERFUSION OF THE PORTAL VEIN OF THE MOUSE 


GrorGcE H. KEssLer, JR. 


Mice injected intravenously with massive doses of influenza virus die with peritoneal 
hemorrhages and hepatic necrosis. These pathological findings suggested that the virus 
may affect vascular endothelium. Ivanovics, e¢ al. presented evidence for interaction of 
influenza virus and endothelium of the excised formalinized liver perfused through the portal 
vein by gravity flow. However, the errors inherent in their methods, and the inability to 
reproduce their results led to a modification of the perfusion technique. Polyethelene catheters 
were inserted into the portal veins and inferior vena cavae of mice and the livers perfused 
in situ by means of an infusion pump set to deliver at a constant rate. Therefore, a quanti- 
tative gradient of viral hemagglutinin across the hepatic vasculature could be plotted against 
a constant rate of virus flow. 

Accurate, reproducible results were obtained by this method. The WS strain of influenza 
A virus adsorbed on hepatic endothelium at temperatures of 4° and 22°C., and eluted spon- 
taneously at 37°C. The percentage uptake of virus appeared to be independent of the per- 
fusion rate and concentration of virus. The vascular receptor sites of the normal liver could 
not be saturated even when perfused with 350,000 hemagglutinin units of heated virus. 
In contrast, adsorption of staphylococcal bacteriophage was negligible. Further evidence of 
the specificity of the reaction was obtained by prior treatment of the hepatic endothelium 
with sodium periodate which destroyed the vascular receptors for influenza virus adsorption. 

These studies indicate that the vascular endothelium is a potential site for the toxic action 
of influenza virus. 


EXPERIMENTAL STUDIES WITH GANTRISIN AND KYNEX IN TREATMENT 
OF PYELONEPHRITIS 


BASHIR A. ZIKRIA 
To be published in the September issue. 


THE EFFECT OF POTASSIUM DEFICIENCY ON TUBULAR TRANSPORT 
OF GLUCOSE AND AMINO ACIDS 


HArrY BESKIND 


In order to evaluate the effect of potassium deficiency on the renal tubular transport of 
glucose and amino acids, experiments were performed on two trained female dogs 1) under 
control conditions, 2) during potassium depletion produced by desoxycorticosterone (DCA), 
and 3) after potassium repletion produced by increased potassium intake while still main- 
tained on DCA. Standard techniques for measurement of maximal tubular transport of 
glucose (Tmg) were employed. Spontaneous amino acid excretion was determined on casual 
samples of urine with the use of two-dimensional paper chromatography. The typical course 
of potassium depletion was established by the cumulative balance data and serum electrolyte 
concentrations. 

The results showed that potassium deficiency per se had no effect on the glomerular 
filtration rate or Tmg. The amino acid excretion patterns showed little or no change from 
the control specimens, except that one sample obtained during the potassium deficient state 
showed complete absence of lysine and arginine. No increase in aminoaciduria was detected. 
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Neither hyperglycemia nor spontaneous glycosuria were detected throughout the study. 
During the determination of Tmg glucose assimilation (the difference between the rate at 
which glucose was infused and its rate of excretion in the urine) was markedly decreased 
in the potassium deficient state. It was thought unlikely that this change was due to simple 
starvation, because the animals consumed all of their food up to the time these observations 
were made. Glucose assimilation returned towards normal levels during the repletion period. 
It is suggested that potassium deficiency itself has a direct effect on overall carbohydrate 
metabolism. 


THE RELATION OF SUTURE-LINE TENSION TO THE HEALING OF TRACHEAL 
ANASTOMOSES: APPLICATION TO THE REPAIR OF EXPERIMENTAL 
TRACHEAL DEFECTS 


J. RoLanp FotsE 


Serious difficulties are associated with the use of prosthetic materials and the various 
grafting techniques advocated for the repair of circumferential tracheal defects. On the 
other hand, when direct end-to-end suture is possible, the results are highly satisfactory. It is, 
therefore, important to determine the limits of feasibility of direct anastomosis, preferably 
in terms of a parameter which will allow the application of experimental results to the 
human. 

A series of seventeen dogs have had segments of cervical trachea resected, creating de- 
fects of from 8-27 rings. The normal canine trachea consists of about 40 rings. The rela- 
tionship between length of defect and resulting suture-line tension has been determined and 
a correlation established between suture-line tension and anastomotic healing or disruption. 
Tension was measured with the neck flexed by two spring balances. 

Depending upon the length of the defect, suture-line tension varied from 500 to 2750 
grams. Seven dogs with a suture-line tension of 1800 grams or less had good healing of the 
anastomosis without stenosis. In the range of 1800-2100 grams tension, three of six dogs 
healed satisfactorily, while the remaining three disrupted. Above 2100 grams tension one 
animal survived while three died due to disruption of the anastomosis. 

Suture-lines were made with interrupted sutures of braided steel placed in the annular 
ligament which was left on the ends after transection. 

While these results must be considered preliminary, it is apparent that if properly sutured, 
the trachea will heal satisfactorily under much greater tension than has previously been 
recognized. 
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BOOK REVIEWS 


Principles of Research in Biology and Medicine. By Dwicurt J. INGLE. 123 pp., $4.75. J. B. 
Lippincott Co., Philadelphia, Pa. 

In this slim book a wise professor tries to set down for students preparing for research 
careers in biology and medicine some of the general principles that should govern their 
work. He does so with grace. Aided by occasional bits from Lewis Carroll, G. K. Chesterton, 
and others, Dr. Ingle leads his reader through discussions of such diverse topics as the aims, 
methods, and assumptions of science, the virtues of parametric research, and the com- 
plexities surrounding the concept of causality. He also includes a balanced (but too brief) 
account of extrasensory perception. A recurring theme concerns the many ways in which a 
scientist may come to grief on his way toward establishing a fact. Pointed illustrations from 
the literature abound. 

A minor criticism should be made. It is hard to believe that any reader who found himself 
on page 95 would need to be told how to calculate a mean or that perfect positive correlation 
is represented by +1. Fortunately, this type of misjudgment of the probable sophistication 
of the audience is rare and does not detract from the book’s success. 

Victor G. LatIEes 


Polysaccharides in Biology. Transactions of the Second Conference April 25, 26 and 27, 
1956. Edited by Grorc F. Sprincer. 245 pp., $5.00. Josiah Macy, Jr. Foundation, 
New York, N. Y. 

Despite its rather broad title, this little book covers three specific subjects only: (1) The 
chemistry of sialic acid and related compounds; (2) The interaction between certain polysac- 
charides and a few viruses; and (3) The chemistry and pharmacological effects of bacterial 
pyrogens. These rather limited topics were chosen no doubt because there have been recent 
advances in each field that have created considerable general interest. The contents of the 
book are an almost stenographic record of a conference of 25 experts in these three not very 
closely related fields held in April, 1956, under the auspices of the Josiah Macy, Jr. Founda- 
tion. The proceedings were informal and the description of any individual’s work was 
interrupted many times for questions or comments. A transcription of such a discussion is 
not likely to be an integrated review designed to inform the uninitiated. On the other hand, 
for workers in the field it will be a stimulating record of the unrehearsed views of the leading 
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experts. Furthermore, many disciplines are represented and the thoughts of the participants 
from related fields are often of interest even though they are occasionally naive. I am sure 
that the greatest value of this conference was for those actually present, nevertheless, there 
is some purpose in allowing interested parties to sit in at a distance by publishing the pro- 
ceedings in an unedited form. 

Pattie S. NORMAN 


Tuberculosis in White and Negro Children. Vol. I. The Roentgenologic Aspects of the 
Harriet Lane Study. By Janet B. Harpy. 122 pp., $7.50. Vol. II. The Epidemiologic 
Aspects of the Harriet Lane Study. By Miriam E. Bratey. 103 pp., $4.50. Published 
for the Commonwealth Fund by the Harvard University Press, Cambridge, Mass. 

These volumes describe in detail the methods used and findings observed in a study of 
more than 1000 tuberculous children followed in the Harriet Lane Home Pediatric Clinic 
of the Johns Hopkins Hospital. The investigation was begun in 1928 and concluded in 

1950. All subjects were included in the study prior to the era of specific chemotherapy for 

tuberculosis. Vol. I is a fine collection of serial roentgenograms and considers the various 

radiologic features of pulmonary tuberculosis. The anatomic characteristics of the normal 
chest are presented for orientation, and a number of conditions other than tuberculosis are 
shown to illustrate some of the difficulties in differential diagnosis. There is a final section of 
this volume on bronchoscopy and bronchography written in collaboration with Dr. Donald 

F. Proctor. Although a few bronchograms are illustrated in the roentgenograms the rationale 

for including this final section is not clear. It might have been more in keeping with the 

general theme if photographs of bronchoscopic abnormalities could have been inserted. 
Vol. II is an extensively detailed analysis of the patients included in the study. A wealth 
of data is presented comparing the features of tuberculosis in white and negro children. 

The volume is divided into two major sections; one on “The Prognosis of Tuberculous In- 

fection in Children” and another on “The Risk of Developing Reinfection Pulmonary Tuber- 

culous. ...” . A simple conclusion derived from this study, already well recognized, is that 

Negro children handle tuberculosis less well than do white children, even when both groups 

are living under similar socio-economic conditions. 

LEIGHTON E. CLUFF 


The Neuroses and their Treatment. By Epwarp Popotsky in collaboration with Seigfried 
Fischer, Montague Ullman, Frank C. Metzger, Max M. Stern, Henry H. Brewster, 
Paul Chodoff and L. J. Meduna. 555 pp., $10.00. Philosophical Library, New York 
..¥. 

The title of this book can be misleading. It is a collection of 37 articles previously published 
in the literature. The subject matter and biases of the authors represented vary as sharply 
as the merits of the individual articles. Apparently the editor attempts to convey a compre- 
hensive view of the neuroses and their treatment. Instead he presents a hodgepodge of papers 
having no unity in theoretical foundation. No discernible limits in the topics selected plus a 
looseness of organization make the book’s value questionable even as a reference volume. 

The work perhaps serves one useful purpose. It reminds us that a lack of fundamental 
agreement exists in psychiatric conceptual and treatment approaches, but of this serious 
students hardly need to be reminded. The editor might have contributed more had he 
furnished us with a bibliography or bibliographies organized to cover more definite aspects 
of the neuroses. 

This book has the potential for establishing more confusion than clarification for those 
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uninformed who may be misled to believe the comprehensiveness implied in the title “The 
Neuroses and their Treatment”’. 
Wituram D. WHEAT 
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THE INFLUENCE OF TOTAL BODY X-IRRADIATION ON THE 
RESPONSE OF MICE TO METHYLCHOLANTHRENE! 
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It is now well established that exposure of the whole body to ionizing radi- 
ations is followed by physiological changes, that, with dosages below the im- 
mediately lethal range, result in a variety of morbid conditions to which the 
organism eventually succumbs. The mechanisms by which these morbid states 
are brought about are still not understood or only poorly apprehended. Notable 
among the various pathological states, and among the easiest to recognize, 
are tumors, and these have attracted a great deal of attention ever since the 
carcinogenic properties of ionizing radiations were recognized more than fifty 
years ago. Other late lesions, less dramatic, perhaps, but of importance never- 
theless, include abnormalities of the blood-forming and reproductive organs, 
cataracts, graying of the hair and vascular changes, among others. Some of 
these lesions are truly induced entities, i.e. they are entities unlikely to occur 
in this form during the lifetime of the unirradiated individual, whereas others 
represent abnormalities that occur at an accelerated rate in the exposed 
individuals as compared with unexposed ones; not only do they occur earlier, 
but they also appear in a larger proportion of the animals and they are of greater 
severity. However, regardless of whether they are “induced” or whether they 
represent an acceleration of naturally occurring pathological conditions, they 
generally lead to premature death. All of the abnormalities that follow sub- 
lethal exposure to ionizing radiations characteristically have latent periods 
or incubation periods of variable length, a state of affairs that is familiar 
from other diseases. This feature of the long latent period is again most strik- 
ingly illustrated in the case of radiation-induced tumors, but it is also charac- 
teristic of most of the other abnormalities mentioned earlier. Since the nature 
of the physiological and cellular derangements that take place during these 
long silent phases is largely obscure, it is very difficult to obtain a clear picture 
of the natural history of these diseases. 

The following experiment was designed, therefore, to define one small 
parameter of the complex biological situation resulting from radiation injury 


' Work performed under the auspices of the U. S. Atomic Energy Commission. 
2 Former member of staff of the Department of Pathology, Johns Hopkins University 
School of Medicine. 
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to the whole organism, and to attempt to explore the subtle changes that must 
occur in the internal environment during the latent phase. To this end, we 
undertook to test the ability of irradiated animals to react to a chemical 
carcinogen and thus to measure the degree of susceptibility to the development 
of induced tumors. 


Experimental procedures 


The experiment was designed to compare the induction time and yield of 
tumors produced by methylcholanthrene in two groups of animals which were 
identical in all respects with the exception that one was irradiated and the 
other was not. It has been shown by several investigators (1, 2) that age may 
influence the production of induced tumors in mice, and Saxen (3) recently 
demonstrated that the total incidence and the length of the induction time of 
mortus induced by the subcutaneous injection of methylcholanthrene in mice 
was a function of age, in that young animals developed tumors more readily 
and with a shorter induction time than did old animals. This age factor 
promised to be a useful experimental tool in the study of the present problem. 
Since a change in susceptibility of the irradiated animals might be in the direc- 
tion of either younger or older animals, it was decided to select middle-aged 
animals for the two crucial experimental groups and to bracket them with a 
group of young animals on one side and with another group consisting of much 
older animals on the other side. 


C;H male mice, purchased from the Jackson Memorial Laboratory, Bar Harbor, Maine, 
were collected over an appropriate period of time such that four main groups of animals 
with the following age distribution were available for the injection of methylcholanthrene: 
I, Young animals, 4 months old; II, Middle-aged, 8.5 months old; III, Middle-aged, 8.5 
months old and irradiated 5.5 months previously, at the age of 3 months; IV, Old animals, 
14 months of age. In addition, there were two groups of 41 animals each, one consisting of 
irradiated animals injected with tricaprylin, the solvent for the methylcholanthrene, and 
the other comprising irradiated animals that were not injected at all. 

When three months old, 178 animals were given 500 r of x-rays from a Maximar Unit, 
operated at 250 KVP with added filtration by 5 mm. Cu. and 3 mm. bakelite; half value layer 
of 1.6 mm. Cu. The dose rate was 37 r/minute. The mortality from this exposure was only 
4.5 per cent in 30 days, and, since it seemed desirable to study the effect of a rather high 
dose of radiation, it was decided to give a second dose of x-rays. Therefore, an additional 
250 r was given to the survivors 5 weeks after the first exposure. The mortality was only 
5.3 per cent during the next 142 days; thus the overall mortality following this fractionated 
irradiation was 10 per cent in 176 days. 

An interval of five and one half months between irradiation and injection of carcinogen 
was chosen, to afford the animals ample opportunity to recover from the initial injury and 
to progress into the latent phase of subsequent abnormalities of specific organs or organ- 
systems. On the other hand it was necessary to make the interval between irradiation and 
injection of the carcinogen not too long in order to have relatively healthy and not debilitated 
animals for experimentation. For these and other more practical reasons five and a half 
months seemed a reasonable interval. 
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Methylcholanthrene (Eastman Kodak white label), through the kind cooperation of 
Dr. J. H. Pomeroy of this Laboratory, was recrystallized first from isopropyl alcohol and 
then from acetone-water; the final melting point was 181.8°C. (Kofler hot stage). The iden- 
tity of the material was ascertained by ultraviolet absorption spectroscopy; it was stored 
in the dark to prevent formation of photo-peroxides. Shortly before use, 10.4 mg. of methyl- 
cholanthrene were dissolved in 69 cc. of tricaprylin. Of this solution 0.2 cc., containing 0.03 
mg. of methylcholanthrene, were injected into the subcutaneous tissue of the right axilla, 
slightly anteriorly, through a 22-gauge, 1.5-inch needle which, as a precaution, was inserted 
through the skin of the right groin, in order to minimize leakage. The dose level of 0.03 
mg. of methylcholanthrene was chosen because it seemed desirable to use a dose that would 
produce tumors in not more than 60 to 80 per cent of the animals at about 200 days. It 
was thought that this would make it possible to detect differences in susceptibility more 
readily than by use of an overwhelming dose of carcinogen that would be 100 per cent 
effective in a short period of time. The data of Saxen (3) and of Bryan and Shimkin (4) 
indicated that 0.03 mg. would be the appropriate dose level. 

Following the injection of methylcholanthrene, all animals were examined at frequent 
intervals, and special emphasis was placed on the establishment of the diagnosis of a ma- 
lignant tumor at the site of injection. The animals were housed in plastic cages, eight to a 
cage. Water and Rockland mouse diet were supplied ad lib. 


RESULTS 
General 


With the exception of slight initial mortality, no clinical evidence of illness 
was noted among the surviving irradiated animals during the first five months 
after exposure. 

Prior to the injection of the methylcholanthrene, a moderate degree of gray- 
ing of hair was noted in most of the irradiated animals. Within 13 months 
after exposure, all survivors had a completely or almost completely white hair 
coat. The pattern of graying was not uniform, as can be seen from Figures 1 
and 2. It progressed in stages and in a manner identical with that described 
by Chase (5). As pointed out by this author, these patterns are related to 
cycles of hair growth at the time of irradiation. There was no change in hair 
color in the nonirradiated mice, although the hair coat was slightly thinner in 
the old animals of Group IV. Cataracts began to appear in the irradiated 
animals about one year after exposure, at a time when the graying of the hair 
was almost complete. The cataracts usually were bilateral and the opacities of 
the lenses, once present, increased rapidly in extent. No cataracts have been 
observed in any of the nonirradiated animals of any age group. Sixteen to 
eighteen months after exposure all surviving animals were thin and emaciated 
and had gray hair and bilateral cataracts. They wasted away and most of 
them died with infections either of the lungs, or, more frequently, of the in- 
testinal tract. The testicles, at the time of autopsy, showed extreme atrophy 
in all animals dying a year after exposure or later. The spleen, lymph nodes 
and thymus similarly showed extreme involution. Although a few miscellaneous 
tumors were observed among the irradiated animals, such as lymphoma, 
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hepatoma and carcinoma of the skin, the same number (five) of almost identical 
tumors was seen in the nonirradiated group. Unfortunately, the animals were 
not weighed during the first nine months after x-ray exposure. However, when 
weights were taken at this time, there were no noteworthy differences between 
the irradiated survivors and the nonirradiated animals of the same age group, 
although old animals at this time weighed a few grams less, on the average, 
than the animals in the other three groups. 

Following the injection of methylcholanthrene in tricaprylin, or of tri- 
caprylin alone, most animals showed a transient epilation and superficial 
ulceration of the skin overlying the injected material; this healed within two 
or three weeks. Later on, the abnormalities that were revealed by palpation 
of the subcutaneous tissue could be conveniently classed into five categories, 
of which the last two represented positive evidence of a malignant tumor in 
the form of small and firm nodules or sizeable tumor masses. The first unequivo- 
cal tumors were found 69 days after injection; there were seven animals with 
tumors at this time and they were found in three of the four groups. This 
interval of 69 days thus constituted the minimal induction time of tumors, 
and, for purposes of calculation of tumor rates and total incidence, only those 
animals were used that were alive on the 69th day after injection, namely, 
76 animals in Group I, 79 in Group II, 76 in Group III, and 60 animals in 
Group IV. 


Tumor incidence and induction time 


The tumor data, as collected from interval to interval, are recorded in 
detail in Table I. The cumulative incidence of tumors is plotted for each of 
the four groups in Text-figure 1. The ordinate shows the animals with tumors 
as per cent of animals alive on the 69th day after injection, and the abscissa 
the time interval in days following injection. It is evident that there are both 
similarities and differences in both total incidence of tumors and in the dura- 
tion of the induction time among the four groups. There was a sharp rise in 
incidence of tumors among the young animals and among the middle-aged, 
nonirradiated animals between the 97th and 143rd day after injection, and 
the two curves parallel each other closely during this interval. During the same 
interval, there was a similar parallelism between the middle-aged, irradiated, 
animals and the old ones, both of which were lagging somewhat behind the 
two former groups; this relationship was maintained by all groups until the 
129th day, when the irradiated animals began to deviate from the old ones by 
showing an acceleration of tumor formation. The incidence of tumors among 
the irradiated animals subsequently remained between that of the unirradiated 
and of the old animals until the end of the experiment. The difference in the 
cumulative tumor incidence between the two middle-aged groups was signifi- 
cant at the 1 per cent confidence level for the observation periods from the 
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TABLE I 


Tumors Detected by Palpation at Various Intervals Following Subcutaneous Administration of 
Methylcholanthrene to Four Groups of CsH Male Mice 





End of Interval (in days following methylcholanthrene injection) 





69) 83 | 97 | 111) 118) 129) 143/153 | 162| 175) 190) 202) 218) 237) 261) 331|S86t 
| 


ces RS SS RS Ne ee ee a a a ee ee ee ee ae 


)18 |16 15 15 |12 


| | j | 
New tumors | 2| 4 | 2 /20|5/8/5/1/3/)2/0/1/1/0|/0)0/0 


Group I Pg 
(4 months old) At risk* 76\74 |70 68 |47 41 |33 27 |26 |23 20 |20 
nonirradiated } | 


Group II ze | | 
(814 months old) | At risk 79|74 |72 \68 |S5 |SO |37 |30 27 |24 (21 |19 |14 |13 11 |10 | 7 
nonirradiated aes | 
| New tumors | 5} 1 | 4 /12 | 5f/13t}7/3/3/1/2/4/0/2\)1|2)0 
| 
Group III |_| ; | | tan 
(8% months old) | At risk 76|76 \72 |70 |63 |59 \48 |33 25 |24 23 |20 |17 |15 |12 | 9 | 3 
irradiated | | .. 4 | 
[New tumors} 04/1) 6/3 1014/5 )0/1/3|)1, 1/1/21] 1/0 
Group IV | | _ | 
(14 months old) | At risk 60|59 |58 [52 /45 /40 /35 [25 [16 [14 [11 | 8 | 5/5) 3/3) 1 
nonirradiated 1 | | af a 


| | | | . 2. ff 
|New tumors| 1} 1|2|4/4/4/44]7/1/3/2/2|0|1]0|0)0 





* At risk = Number of experimental animals alive without tumors at end of previous interval. 
t Includes mouse dying during interval, with tumor first discovered at autopsy. 
t Alive (without tumors) after 586 days: Group I, 4; II, 2; III, 0; IV, 0. 


97th through the 129th day after injection. Thereafter, as seen in Text-figure 1, 
the incidence in the irradiated group increased more rapidly, so that the 
difference between the two groups diminished. 

At 175 days the young animals virtually had reached the maximum tumor 
incidence of 71 per cent and only two additional tumor animals were found 
between 175 and 586 days. Similarly, the old animals also began to level off 
at 200 days and only one additional tumor animal was found after this interval. 
Both groups of middle-aged animals, on the other hand, continued to show a 
perceptible, albeit slight, rise in incidence until the 331st day, and it is of 
interest that the irradiation did not suppress this apparently innate capacity 
of the middle-aged animals to form additional tumors beyond 200 days. It is 
of further interest that the total incidence of tumors among the nonirradiated, 
middle-aged animals was slightly higher than that among the young animals. 
This was unexpected in view of the observations of Saxen and others that the 
very young animals show the greatest incidence of tumors. 

The initial delay in the induction time of tumors in Groups III and IV is 
again apparent when the data are plotted in terms of monthly tumor rate, 
i.e. tumors occurring in animals at risk during each 30-day period, as shown in 
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TABLE II 
Tumors in C;H Male Mice Following MCA Injection 
| | 


| | = PoE = 
| No.of |Total Crude |Incidence at | Time to 50 Per Median Time 





| 
Age when Injected | 








(months) Authors Mice Incidence | 120 Days | Cent Incidence | for Induction 

| per cent | per cent days | days 
2-3 Bryan and 20 65 33 140 120 

| Shimkin | 
3 | Saxen 55 93 48 1200+ | 117 
4 | Present 76 71 45 125 110 
8.5 | Present 79 82 35 132 | 125 
8.5 (x-ray) | Present 76 68 | 20 143 131 
14 | Present 60 58 21 175 140 

| Saxen 16 


12 


4 25 - | 118 





Text-figure 2. On the other hand, it is also evident from these curves that there 
are three distinct peaks, one characteristic for each age group; they differ from 
one another by intervals of one month and that of the young animals comes 
first, with a very steep rise. This is followed by those of the two groups of 
middle-aged animals which are identical except for their slopes. The peak of 
the old animals follows with an even greater delay, 2 months after the young 
and one month after the two middle-aged groups. The difference between the 
irradiated and nonirradiated middle-aged animals consists therefore in the 
slope of the curve of tumor rate rather than in the total cumulative tumor inci- 
dence. This implies that the tumor-producing factors within the irradiated 
animals assert themselves after an initial delay. The picture, therefore, is not 
a simple one and it reflects the sum of a variety of influences, largely unknown, 
that have a bearing on the development of induced tumors. It is very difficult 
and probably not very profitable to interpret the shape of the various curves 
following each peak in Text-figure 2, inasmuch as subsequent points are based 
on very few animals remaining in the experiment. For purposes of comparison 
the tumor data of the present experiment and those of Saxen and of Bryan 
and Shimkin are summarized briefly in Table IT. 


Pathology 


The histopathological studies were restricted to examination of the induced 
tumors, and of obscure diseases occurring in these animals. A systematic study 
of all organs was beyond the scope of this investigation. The tissues were fixed 
in 10 per cent formalin or in Zenker formol (Helly’s fluid). They were embedded 
in paraffin and all sections were stained with haematoxylin and eosin. Of the 
207 induced tumors, 163, or 79 per cent, were examined histologically; these 
163 tumors were almost equally distributed among the four groups of experi- 
mental animals. The tumors could be divided readily into five major types as 
follows: 
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Type 1. This group of 36 tumors (22 per cent) showed a considerable degree 
of differentiation and maturity of the cells. They exhibited a prominent fibril- 
lar pattern of interwoven bundles of connective tissue fibres and collagen, 
often arranged in whorls. The cells were spindle-shaped and rich in cytoplasm; 
the nuclei were uniform and small, showing little variation in size or in shape. 
An especially noteworthy feature was the presence among the mature cells of 
numerous small, round hyperchromatic nuclei, the size of lymphocytes; these 
were surrounded on occasion by scant cytoplasm, but usually they were with- 
out clearly visible cytoplasm. Large tumor cells were seldom seen. Necrosis 
was always prominent and there was invasion of the surrounding normal 
tissues. This group of tumors has been designated as fibrosarcoma. It consti- 
tuted the most differentiated group of tumors, whereas the following two types 
represent increasingly immature and anaplastic variants of it. 

Type 2. There were 26 tumors in this group (16 per cent) and they were very 
similar to the first type, especially at low magnification. The fibrillar pattern 
was well developed and consisted of interlacing bundles of connective tissue 
fibres. However, at higher magnification the cells were irregular in size and 
shape and more atypical. The nuclei were still oval and vesicular, but larger 
on the average than in the previous group. The connective tissue fibres were 
plump, as if swollen, and closely packed together. The small, round hyperchro- 
matic nuclei described earlier were found in only very few of the tumors in 
this group. Many tumor cells showed a distinct granularity of the chromatin, 
consisting of numerous tiny dots, which were very clearly demonstrable with 
the phosphotungstic acid-haematoxylin stain. This feature was not observed 
among the tumors of type 1. This group of tumors has been designated as 
spindle-cell sarcoma. 

Type 3. This group of 53 tumors (33 per cent) showed the same fundamental 
fibrillar pattern as seen in types 1 and 2, but in addition they contained groups 
of very anaplastic cells. The latter showed bizarre, irregular nuclei with multi- 
ple nucleoli and large eosinophilic inclusion bodies. There were many multi- 
nucleated tumor giant cells, varying in number from tumor to tumor. There 
were scarcely any fibres in the more differentiated parts of the tumors. Necrosis 
was prominent. These tumors have been designated as pleomorphic sarcoma. 

Type 4. There were 41 tumors in this group (25 per cent). They were radi- 
cally different from the tumors in the first three groups and they were composed 
mainly of two kinds of cells. There were, in the first place, groups of relatively 
small, round cells with hyperchromatic nuclei and a moderate amount of cyto- 
plasm that showed an intense acidophilia. These cells closely resembled myo- 
blasts and they have been considered as such. The other component consisted 
of elongated and frequently anastomosing muscle fibres, containing one or more 
vesicular nuclei. These fibres usually stained red with the trichrome stain and 
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they also showed longitudinal striations. No cross striations were demonstra- 
ble. The diagnosis of this group of tumors was rhabdomyosarcoma. 

Type 5. The fifth group of tumors comprised 7 specimens (4 per cent) which 
could not readily be fitted into any of the previous groups. They were very 
anaplastic tumors and two of them resembled liposarcoma. This group has 
been designated as anaplastic sarcoma. 

The subdivision of the induced sarcomas into these five types could easily 
be repeated on subsequent blind readings of the slides and it did not seem to 
be an arbitrary procedure. Although we are aware of the shortcomings and 
limits of the so-called grading of tumors on histologic grounds, it nevertheless 
seemed of interest to study the distribution of these five types among the four 
groups of experimental animals. The results are shown in Table III. In columns 
6 and 7 of Table III, the differentiated tumors of types 1 and 2 and the un- 
differentiated, highly anaplastic tumors of types 3, 4, and 5 have been com- 
bined and contrasted. This distribution shows that well over 50 per cent of the 
tumors among the young and middle-aged animals were anaplastic sarcomas, 
whereas the tumors of the old animals were predominantly of the more differ- 
entiated type (66 per cent), the exact opposite of the three other groups. 
Indeed, it may be of some significance that the irradiated animals showed the 
highest percentage of anaplastic tumors of all four groups. The results of this 
tumor analysis may be an indication that there were perhaps really only two 
major groups of animals in the present experiment, namely the old ones on 
the one hand and the middle-aged and young ones on the other, and that the 
changes produced by the irradiation in the middle-aged were relatively mild, 
despite the large dose. 

Although measurements of the induced tumors were made at intervals or 
most animals, it has not been possible to correlate growth rate with tumor type. 
The mean induction times for the 5 tumor types were 132, 135, 134, 116, and 
105 days respectively. None of the differences were statistically significant, 
however. 











TABLE III 
Distribution of Induced Tumor Types Among Experimental Groups 
Tumor Types | Differen- | Undifferen- 
a ee NE | tiated tiated 
Experimental Group 1 2 | 3 4 5 = | fps bg 
|No.| % |No.| % |No.| % |No.| % |No.| % [No | % | No. | % | 
a aoe | vs t i = Fen Ti ; | vA \~ .: * ~ ¥e ie 
I. 4 months 7\14| 8 16 | 16 | 33 | 15 30| 3| 6 1s | 30 | 34 | 6 49 
II. 834 months | 16 1/30} 5|10|15| 29/13/25|} 3! 6| 21 | 40} 31 | @| 52 
III. 834 months } | ; | = | 
irradiated.......| 5 | 13 | 5 | 13 | 18 | 47 | 10 | 26 | — | — | 10 | 26 | 28 | 74 | 38 
IV. 14 months ..| 8} 33| 8| 33) 4/17; 3) 12) 1) 4] 16] 67) 8 33 | 24 
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DISCUSSION 


In taking the response of mice to a single dose of methylcholanthrene as a 
measure of radiation-altered susceptibility to the development of induced 
tumors, it is perhaps surprising that the effect of a total dose of 750 r was 
not greater. A number of reasons may account for failure to demonstrate a 
greater effect. For instance, it is possible that the choice of the subcutaneous 
connective tissue as a test organ was not the most appropriate or advantageous 
for the purpose, even though it is known that radiation readily produces 
changes in the vascular tree, the cells and the intercellular substances of con- 
nective tissue (6). Again, it may be that the dose of methylcholanthrene was 
too large, masking effects that might have been revealed with a smaller dose, 
or that the time interval between irradiation and injection of the carcinogen 
was either too long or not quite long enough for an effect to become more 
strikingly demonstrable. Lastly, it is possible that the dose of 750 r simply 
was not large enough to bring about more radical changes in the susceptibility 
of these mice to this particular carcinogen. Evidently, these questions can be 
answered only by further experimentation. 

However, the irradiation did produce severe lesions in the animals; some of 
them, such as graying of the hair, were already manifest at the time of injection 
of the carcinogen, whereas others did not become apparent until later. In any 
event, it was obvious that a sufficiently high dose of radiation had been ad- 
ministered to produce severe somatic effects in a number of organs, demon- 
strating again the classic syndrome of late radiation reaction. The other 
results of the experiment may be summarized as follows: there was a significant 
delay in the induction time of the tumors in the irradiated animals during the 
early phase and there was also a partial reduction in the total incidence of 
these tumors. These data can be interpreted to show that total body irradia- 
tion had indeed decreased the susceptibility of these mice to methylcholan- 
threne and that this decrease was beyond the statistical fluctuations often 
encountered in this type of experiment. Phrasing it differently, one could also 
say that total-body irradiation and methylcholanthrene, each in itself a carci- 
nogenic stimulus, were not additive or synergistic under the conditions of this 
experiment. Although there was no evidence in this experiment that 750 r was 
in fact a sufficiently high dose to produce tumors de novo in C;H male mice, 
nevertheless had there been synergistic action or additivity of radiation and 
methylcholanthrene, one would have expected a tumor yield in the irradiated 
animals at least as high if not higher than in the controls. On the contrary, 
however, there was, as has been seen, an inhibition of tumor formation by the 
irradiation. This inhibition is of special interest in view of the observations by 
Furth (7), for instance, who showed an enhancement by total-body irradiation 
with 125 r of the leukemogenic action of methylcholanthrene in Rf/Ak mice. 











In 

on 

tio’ 
do 

tio 
wh 
the 
bo 
rac 
thi 
int 
sal 


ap 
sir 
of 
th 
lai 

















INFLUENCE OF TOTAL BODY X-IRRADIATION ON MICE 111 


In the work of Furth and Boon, methylcholanthrene was painted repeatedly 
on the skin of the mice, and painting began immediately following x-irradia- 
tion; therefore the two experiments are not strictly comparable, but the results 
do demonstrate that x-irradiation may either enhance or inhibit tumor forma- 
tion. It will require further experimentation to determine the mechanisms by 
which enhancement occurs in one case and inhibition in the other. Undoubtedly, 
the physiological conditions following immediately after exposure of the whole 
body to ionizing radiations, as in the case of the experiment by Furth, are 
radically different from those existing five or six months after exposure, as in 
the present experiment. Furthermore, it is certain that methylcholanthrene- 
induced leukemia in the Rf/Ak strain of mice is an entity different from 
sarcoma induced in the C;H strain by the same material. 

The transient retardation in tumor induction made the irradiated animals 
appear similar to old ones and the reduced tumor yield may be interpreted 
similarly. However, this resemblance was only superficial. The overall results 
of the present experiment show that the irradiated animals largely maintained 
their individuality and that their age-characteristic response to methylcho- 
lanthrene was altered only temporarily by prior exposure to radiation. Although 
the transient modification of this response was superficially similar to that seen 
in the old animals, it probably occurred for different reasons and not because 
the animals had been made to “‘age”’ prematurely. The pathological changes 
produced in these animals by irradiation in no way resembled those seen in 
the old animals who showed neither graying of the hair, cataracts, nor any of 
the other lesions that were observed in the irradiated group. The analysis of 
the histopathology of the tumors, with due regard for the limits of this pro- 
cedure, also showed that the old animals were distinct from the other three 
groups. 

Shortening of the life span as such, without specifying its causes, has been 
used extensively in recent years as a measure of assessing the effects of ionizing 
radiations in experimental animals, especially in the low dosage range. Unfor- 
tunately, this has been spoken of or equated with “premature aging” and it 
has also been referred to as the “aging effect” of ionizing radiations. While 
this may be useful for certain purposes, it is evident that the introduction of 
so vague a term as this is likely to do very little to clarify the nature of the 
biological phenomena that occur. Indeed, it will be of questionable value 
to do so as long as the term “aging” itself is little more than a collective 
term, denoting the numerous bodily changes associated with aging of the 
organism as a whole. 

It may be concluded either that tumor induction by methylcholanthrene has 
not proven to be a very sensitive method for elucidating the nature of the 
changes produced in mice by total body x-irradiation, or that 750 r does not 
produce such changes to any marked degree in the connective tissue of the 
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skin of the mouse. On the other hand, it has been demonstrated that two 
carcinogenic stimuli are not necessarily additive and that irradiation may 
actually inhibit methylcholanthrene carcinogenesis in contrast to other studies 
in which an augmentation has been observed. 

The present experiment has also shown that the abnormalities produced in 
animals by irradiation do not necessarily have much in common with those 
occurring in old age. The differences and possible similarities of morbid states 
characteristic of old age and of irradiation injury require careful analysis and 
sharp delineation; premature death due to irradiation is not to be confused 
with premature aging. 

That age is an important factor in the induction of tumors by chemical car- 
cinogens has again been demonstrated and the results of this experiment con- 
firm and extend the findings of earlier investigators. The age-determined 
factors affecting carcinogenesis by methylcholanthrene in old mice are different 
from those operating in irradiated animals, although superficially the two may 
appear to be similar. 


SUMMARY 


Tumor induction with methylcholanthrene in C;H male mice has been used 
as a means of determining the biological nature of the changes following total 
body x-irradiation. Such changes were expressed in terms of susceptibility to 
tumor formation in the subcutaneous tissue 5 to 6 months after x-ray exposure. 

It was demonstrated that, although the irradiation produced a generally 
severe radiation reaction in the animals at the end of the experiment, the in- 
fluence on susceptibility to induced tumors was only slight and transient. The 
change in susceptibility was apparent in a delay of the induction time and in 
a slightly lowered total incidence of the tumors. Total-body irradiation did not 
enhance carcinogenesis by subcutaneous methylcholanthrene, in contrast to 
the reported enhancement by irradiation of the leukemogenic action of methyl- 
cholanthrene paintings. 

A concurrent study of the influence of age on susceptibility of mice to car- 
cinogenesis by methylcholanthrene has shown that middle-aged animals and 
young animals are more susceptible to this material than old animals. Although 
the response to methylcholanthrene of irradiated animals was initially similar 
to that of old animals, there is reason to believe that the factors affecting car- 
cinogenesis in old animals are different from those operating in the irradiated 
animal. 
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PLATE I 


Fic. 1. Irradiated animals one year after exposure. Nonirradiated control mouse of 
the same age group in middle. Graying is almost complete. X 0.67. 


Fic. 2. One year after x-irradiation. Incomplete graying. X 0.88. 
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Pharmacologic studies with sulfamethoxypyridazine*® (Kynex,® Midicel®) in 
several species of animals have shown this sulfonamide to have a low renal 
clearance (1-3 ml./min. in dog (1) and man (2)). Experimental infections in 
mice (3) with a variety of organisms (pmeumococcus, strain SV1; streptococcus, 
strain C203; Klebsiella, strain AD; and Pasteurella, strain 310) indicate that 
SMP and sulfisoxazole* (Gantrisin®) are about equally effective in preventing 
death from these infections when similar whole blood concentrations of the two 
drugs are attained. Such equal therapeutic effects can be achieved in mice by 
the oral administration of 5 to 8 times as large a dose of SXZ as of SMP 
because of the considerably higher renal clearance of SXZ. Accordingly, it was 
decided to compare these two sulfonamides in the treatment of urinary tract 
infections in the hope that the data obtained might permit some conclusion 
as to the relative importance of blood and urinary concentrations of drug in 
the treatment of such infections. 


METHODS AND RESULTS 
A. Clinical data 


The first experiment was a controlled trial of SXZ and SMP in 31 male pa- 
tients attending the Brady Urological Clinic because of urinary tract infection. 
The diagnoses included urethritis, cystitis, pyelitis, and pyelonephritis; often 
several of these entities were considered to be present in a given patient. In 
addition, it should be emphasized that approximately half of these patients 
were suffering from, or had recently been operated upon for, obstructive or 
calculous disease. Urinalysis and urine culture were obtained at the first visit, 


1 Supported in part by a grant from the National Institutes of Health, (B-865-C2) 
and in part by a grant from the American Cyanamid Company, Lederle Laboratories 
Division. 

? American Drug Manufacturers’ Association Fellow in Clinical Pharmacology. 

3’ Sulfamethoxypyridazine is hereinafter referred to as SMP. 

* Sulfisoxazole is hereinafter referred to as SXZ. 
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SULFAMETHOXYPYRIDAZINE CONCENTRATIONS 
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Fic. 1. Sulfamethoxypyridazine concentrations in two patients given a priming dose 
of 2 gm., followed by 0.5 gm. every 12 hours for 3 doses. 
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Fic. 2. Sulfisoxazole concentrations in two patients given a priming dose of 3 gm. 
followed by 1.0 gm. every 6 hours for 7 doses. 


at which time symptoms were also elicited. Patients were allocated randomly 
to the two drugs. Preliminary data in 4 patients without genitourinary disease 
suggested that similar whole blood or plasma concentrations of the two drugs 
could be achieved if SXZ were given in a priming dose of 3 gm. followed by 
1 gm. every 6 hours, and SMP given in a priming dose of 2 gm. followed by 
0.5 gm. every 12 hours. (See Figs. 1 and 2). Patients were therefore given ap- 
propriate directions according to the medication group to which they were 
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SULFONAMIDES AND URINARY INFECTIONS 


TABLE I 
Sulfonamide Concentrations in Plasma and Urine of Patients 
(Mean + S.E.; mg. per cent) 




















Plasma Urine 
Free | Total Free | Total ; 
| 
| Se ery 4.6+0.6; 8.9 + 1.8] 51.3 + 14.4 106.5 + 25.6 
(No. determinations)......... (23) (12) (11) (10) 
(No. patients).......... (16) (7) (8) (8) 
Sulfamethoxypyridazine........| 14.1 + 1.0 | 17.7 + 2.7 | 28.2 + 4.8 83.1 + 19.3 
(No. determinations)...... (25) (11) (10) (13) 
(No. patients).............. (15) | (6) (6) (7) 








assigned, were given a supply of drug and told to return in one week. At the 
return (weekly) visits, urinalysis and urine culture were again obtained, blood 
was drawn for sulfonamide determination, and symptoms noted. For four pa- 
tients in each treatment group, drug was administered and repeat observations 
made for only one week; for 7 patients in the SXZ group and 8 patients in the 
SMP group, two weeks of treatment were employed; the remaining patients 
(5 in the SXZ group and 3 in the SMP group) received drug for 3-4 weeks. 

All sulfonamide concentrations were determined by the Bratton-Marshall 
procedure (4). In the first half of the study, only free’ plasma concentrations 
were measured, whereas in the second half free and total concentrations of 
drug were determined in both plasma and urine, the urinary determinations 
being made on casual urine specimens obtained at the time of the weekly 
clinic visit. The results are summarized in Table I. It would appear, on the 
basis of the blood and urine sulfonamide concentrations at the time of clinic 
visits, that the dosage of SXZ and SMP ingested by the patients did result 
in higher urinary concentrations of SXZ, but that higher plasma levels were 
achieved with SMP. Because of the pharmacologic characteristics of SXZ and 
SMP, it is likely that the plasma and urine content of sulfonamide is more 
variable from hour to hour in the case of SXZ, and that this variability may 
have been compounded by the necessarily erratic timing of samples (in rela- 
tion to drug taking) in the clinic situation, and perhaps by a tendency of the 
outpatients to omit occasional doses of drug (a more important consideration 
in the case of SXZ). 

The therapeutic results were somewhat disappointing with both agents. 
Urine cultures prior to treatment revealed one or more of the following organ- 
isms: Escherichia coli, Aerobacter aerogenes, Paracolon bacilli, Streptococcus 
fecalis, Klebsiella, Proteus vulgaris or morgagni, or Staphylococcus aureus. Ap- 
proximately half of the patients in each group had mixed flora present on the 


5 “Free” is used throughout this paper to mean “non-acetylated”’. 
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initial urine examinations. In no patient was the urine rendered bacteria-free 
by either drug. Urinalysis revealed decrease in pyuria in 82 per cent of patients 
in the SMP group and in 73 per cent of patients in the SXZ group. There was 
some improvement in symptomatology in 86 per cent of the SMP group and 
in 73 per cent of the SXZ group. There was thus no striking difference between 
treatments, and in the absence of an untreated control group it is impossible 
to know how much of the decrease in pyuria, urinary frequency, “burning”, 
etc. was attributable to the drugs. Furthermore, while the mean urinary con- 
centration of SMP was considerably lower than that of SXZ, the plasma 
concentration of SMP was significantly higher, making it difficult to assess 
the relative importance of drug concentrations in blood and urine. It seemed 
desirable to perform an animal experiment, where the variables could be more 
effectively controlled. 


B. Animal data 


A modification of the procedure of Braude, Shapiro, and Siemienski (5) was 
used to produce acute pyelonephritis in rats. Male Sprague-Dawley rats weigh- 
ing 200-300 gm. were used. A strain of Escherichia coli isolated from a patient 
with a urinary tract infection was used as the infecting agent. Jn viiro studies 
revealed that this organism was equally suppressed by SXZ and SMP in in- 
creasing degree by concentrations of drug ranging from 10 to 200 mg. per cent 
with complete suppression of growth only at concentrations of 150 mg. per 
cent or higher. The organism was transferred to agar slants seven times over 
a period of 14 months. One-quarter of a ml. of an 18 hour culture in infusion 
broth was injected into the tail vein of each rat while the rat was under ether 
anesthesia. Plate counts on the inocula revealed 4-8 X 10% organisms per ml.; 
each rat thus received one to two hundred million organisms in the original 
inoculum. Immediately after intravenous injection of the £. coli organisms, 
the rat’s kidneys were massaged through the intact abdominal wall for 5 min- 
utes. The animals were then put into individual cages and fed Purina chow for 
4 days. Of 76 rats injected, 16 (21 per cent) died within 24 hours of injection. 
The remainder were allocated, 4 days after infection, to 4 groups at random: 
Group A rats were killed immediately; Group B rats were put on powdered 
Purina chow containing 1.4 per cent SXZ; Group C rats were placed on pow- 
dered Purina chow containing 0.2 per cent SMP; and Group D rats were given 
only powdered Purina chow. The food was placed in feeding cups, which were 
weighed and refilled every 2 days for a 10 day period. Fourteen days after in- 
fection, the animals in Groups B and C were bled for sulfonamide determina- 
tions, and then (along with the rats in Group D) were sacrificed. The kidneys 
of the animals in all groups (A to D) were examined immediately after sacrifice 
and graded 0 to IV on the basis of gross lesions (subcapsular and cortical 
abscesses, medullary streaking, etc.), with 0 being normal and IV being 
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swollen kidneys with medullary streaking and multiple coalescent abscesses. 
Then the kidneys were fixed in Zenker’s formalin solution, sectioned, and 
stained with hematoxylin and eosin. The microscopic examination of this ma- 
terial was carried out by Dr. William J. Cathey. Slides were provided to 
Dr. Cathey identified only by number, and were then graded 0 to IV according 
to the following scheme: 

“The lesions have an appearance similar to that seen in pyelonephritis in 
humans. They varied from small radial zones of mixed mononuclear and poly- 
morphonuclear cell infiltration in the cortex, to extensive wedge-shaped areas 
of inflammation extending into the medulla, with purulent exudate in convo- 
luted and collecting tubules, and abscess formation. Pyelitis was usually 
absent or only mild. Kidneys showing significant abscess formation were listed 
as Grade IV. Kidneys listed as Grade I showed only a few small cortical lesions. 
Grades II and III represent more severe degrees of involvement short of 
abscess formation’’ (6). 


TABLE II 
Food and Drug Intake in Infected Rats 
(Gms./rat/day) 


Sulfamethoxypyridazine 


























l | 
isis tia parses (Group D) Sulfisoxazole Treated (Group B) | Treated (Group C) 
Food Food | Drug* | Food | Drugt 
5th and 6th. ... | 17.7 + 4.8} | 16.8 + 1.3f 0.235§ | 18.8 + 1.8f | 0.038§ 
7th and 8th... 22.84+3.4 | 20.4+ 1.7 | 0.290 | 22.8 + 1.4 | 0.046 
13th and 14th. | 20.6 + 2.5 23.0 + 1.4 0.322 | 25.0+4 1.7 | 0.050 
*SXZ intake = 1.4 per cent of food intake. 
7 SMP intake = 0.2 per cent of food intake. 
t Mean + standard error of mean. 
§ Mean. 
TABLE III 
Gross Renal Lesions* in Infected Rats 
Group Nt | Mean + Standard Error | Per cent Normal 
alia diiiatnmnimegniichiaenintetene ‘ Ne ee oe eke. oie ane 
r = 
(4 day controls)... .. y | 30 3.33 + 0.16 0 per cent 
B 
(sulfisoxazole treated). | 32 | 1.25 + 0.15 18 per cent 
Cc 
| | 
(sulfamethoxypyridazine treated).....| 30 1.11 + 0.19 32 per cent 
D 
Oe | 28 2.79 + 0.21 4 per cent 





* Graded as described in text; 0 (no gross abnormality) to IV (swollen kidneys with medullary 
streaking and massive confluent abscesses). 
tN = No. of kidneys (each kidney rated separately). 
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TABLE IV 
Microscopic Renal Lesions* in Infected Rats 
Group Nt Mean + Standard Error Per cent Normal 
A | 
(4 day controls) | 30 2.26 + 0.21 6 per cent 
B | 
(sulfisoxazole treated) . | 32 1.12 + 0.13 22 per cent 
Cc 
(sulfamethoxypyridazine treated) | 30 1.13 + 0.21 | 32 per cent 
D 
(14 day controls).... a 2.11 + 0.23 14 per cent 





* Pathology as described in text; 0 (no abnormality) to IV (significant abscess formation). 
t N = No. of kidneys (each kidney rated separately). 


TABLE V 
Sulfonamide Concentrations in Infected Rats 
(mg. per cent*; Mean + S.E.) 

















Plasma Whole Blood 
Group 
Mean + Standard Error Mean + Standard Error 
B | | 
Sulfisoxazole treated. . .| 13.5 + 0.89 9.7 + 0.53 
Cc 
Sulfamethoxypyridazine treated 13.1 + 0.51 9.6 + 0.42 








* of free drug. 


The results are shown in Tables II-V. In Table IT it will be seen that the 
amount of food consumed was similar in drug and control groups. The majority 
of animals showed some degree of both gross and microscopic abnormality, 
but the drug-treated groups showed significantly less than the controls (Tables 
III and IV), although the two drug groups differ remarkably little from each 
other. The drug groups also showed almost identical whole blood and plasma 
concentrations of free sulfonamide (see Table V); obviously the urinary con- 
centration of sulfonamide in the SXZ rats, although not actually measured, 
because of technical difficulties, was considerably higher than in the SMP rats, 


since the SXZ rats received seven times as much drug in their diet as the 
SMP rats. 


DISCUSSION 


A number of investigators (7, 8, 9, 10) seem to agree that sulfamethoxy- 
pyridazine is useful in treating urinary tract infections. It is likely that the 
drug (like other sulfonamides) is variably effective, depending on such factors 
as the presence of chronic infection, obstructive or calculous uropathy, strain 
of organism, and the presence of mixed flora in the urinary tract. It has been 
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a matter of some dispute for years whether urinary or blood concentration of 
active drug is the important factor in the treatment of urinary infection with 
sulfonamides (11). The pathology of pyelonephritis suggests that tissue 
(and therefore plasma) concentrations ought to be more relevant than urinary 
concentrations (11); whether infections such as cystitis might be more ration- 
ally expected to be influenced by urinary concentrations is a frequently voiced 
but unproven opinion. 

Our animal data would seem in keeping with the belief that plasma concen- 
trations are more decisive than urinary concentrations in treating pyelone- 
phritis. It is possible to argue that despite the great disproportion in amount of 
free SXZ and SMP excreted in the urine, both sulfonamides were present in 
the urine of the infected rats in concentrations above the maximal level re- 
quired. Such reasoning seems unlikely to us, for two reasons: 

1) although it appears that sulfonamides can indeed “‘cure” experimental 
pyelonephritis in the rat, the dosage of drugs employed in this experiment 
cured only a small percentage of the treated rats, so that SXZ and SMP do 
not appear to have been administered in optimal or supraoptimal dosage; 

2) the calculated urinary concentration of SMP®* was considerably lower 
than that needed to suppress growth of the infecting organism completely in 
viiro, whereas the urinary concentration of SXZ in the rats should have been 
sufficient to sterilize the urine; yet both drugs had equal effects. This produc- 
tion of equal therapeutic benefit in the presence of equal blood concentrations 
and disparate oral intake (and hence urinary concentrations) of the two agents 
places experimental pyelonephritis in the same category as other non-urinary 
infections in experimental animals (3). 

Our clinical experience with SMP blood concentrations seems explainable by 
the findings of other workers (8, 12) that there is some cumulation of SMP over 
a period of days, and that the pilot experiments described in Figures 1 and 2 
were probably deceptive as guides to the concentrations achieved in the 
plasma over a week or more of treatment. 


CONCLUSIONS 


1) In a controlled clinical trial of sulfamethoxypyridazine and sulfisoxazole, 
both agents appeared about equally effective in treating a variety of urinary 
tract infections. 

2) In experimentally-produced pyelonephritis in rats, both drugs, when 
given orally in doses yielding unequal urinary but equal plasma concentrations 
of free sulfonamide, were equally effective in decreasing gross and microscopic 
renal lesions. 

3) These data seem to favor the hypothesis that plasma (and tissue) con- 


* Data on the rat in similar experiments (13) revealed free SMP concentrations in the 
urine of 16 to 90 mg. per cent. 





124 


ZIKRIA, LASAGNA AND McCANN 


centrations of sulfonamide are more important determinants of efficacy in 
treating certain types of urinary tract infection than are urine concentrations. 
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INTRODUCTION 


Newly isolated strains of influenza virus multiply in the amnion and respira- 
tory epithelium of chicken embryos (1, 2, 3) and can easily be adapted to grow 
in the allantoic sac or on the chorioallantoic membrane (4, 5). Allantoic or 
chorioallantoic infections usually remain localized (1, 5), but death with 
generalized hyperemia of tissues and multiple small hemorrhages often occurs 
after amniotic infection in embryos less than 10 days of age (4, 6). 

Three variants of influenza A virus regularly invade the embryo from the 
chorionic surface of the chorioallantoic membrane, causing extensive hemor- 
thagic lesions and death. These “invasive” forms, Melbourne-Egg (Mel-Egg) 
(7), WS-Egg (WSE) (8) and “neurotropic” WS (NWS) (9), emerged during 
serial chorioallantoic passage of the parent strains. NWS virus caused extensive 
brain hemorrhages after 14 consecutive passages, whereas 63 passages of Mel- 
Egg were required to produce the same effect. The pathogenicity of the Mel- 
Egg virus was further enhanced by the 71st passage, at which time infected 
embryos showed diffuse hemorrhages in skin and muscle as well as brain. 

The experiments reported in this series of papers were designed to study the 
pathogenesis of hemorrhagic encephalopathy in chicken embryos and to test 
the hypothesis of Burnet and Fraser (10) that “invasive” strains of influenza 
virus infect capillary endothelium of the brain. The present report demonstrates 
that development of vascular lesions depends on the age of the embryo, route 
of infection, and multiplication potential of the virus. The pathology of the 
cerebrovascular lesions is described in the second paper (11). 


Materials and Methods 


Viruses. Allantoic fluid preparations of the 33rd to 36th egg passage of the Stuart-Harris 
(9) “neurotropic” variant of WS virus (NWS) were used in most experiments. The non- 
neurotropic WS and PR& strains of influenza A virus and the Lee Strain of influenza B virus, 
each of which had undergone more than 100 allantoic passages, were also tested for their 
capacity to cause hemorrhagic encephalopathy. All studies were carried out with infected 
allantoic fluids harvested from 12 day old chicken embryos which had been inoculated intra- 


! These studies were supported by a Grant from the U. S. Public Health Service and a 
Contract with the U. S. Army Chemical Corps, Fort Detrick, Frederick, Md. 
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allantoically 48 hours previously with 0.1 ml. of a 10~* dilution of seed virus. Hemagglutinin 
and infectivity titers of each standard virus suspension were determined prior to storage at 
—60° C. 

Methods of Infecting Embryos. Intravenous, allantoic and chorio-allantoic routes of inocu- 
lation were compared. Intravenous injection was made in a large allantoic vein after removing 
a 0.5 x 1.0 cm. portion of egg shell. A drop of sterile mineral oil was placed on the exposed 
shell membrane and, with the aid of transillumination, 0.1 ml. of material was injected 
through a 27-gauge needle introduced into the vein in the direction of blood flow. The window 
in the shell was sealed with a mixture of melted paraffin and beeswax. 

Allantoic fluid suspensions of virus were diluted in broth-saline solution containing 0.25 
gm. of neopeptone, 0.8 gm. of sodium chloride, 0.037 gm. of glucose, and 0.5 gm. of beef 
infusion in each 100 ml. Intravenous injection of normal allantoic fluid (NAF) is lethal for 
most embryos (12), but fewer than 10 per cent die if the inoculum is diluted tenfold or 
greater with broth-saline solution. 

Chorioallantoic and allantoic inoculations were made by standard techniques (12). 

Scoring Brain Lesions. Hemorrhages were graded 0, 1+, 2+ or 3+, according to their 
extent and severity. The brain lesion score for each group of embryos was expressed as the 
sum of the individual lesions divided by the number of embryos times 3 (greatest possible 
score), and converted to percentage: 


Sum of individual hemorrhages 


3 X No. of embryos oben 





Brain lesion score (%) = 


Thus, a brain lesion score of 100 per cent indicates 3+ hemorrhages in all embryos of a 
group. 

Methods of Obtaining Blood, Brain and Liver for Infectivity Determinations. Blood was 
withdrawn from an allantoic vein at a site distant from the previous intravenous inoculation. 
Approximately 0.1-0.3 ml. of blood could easily be obtained without contamination by 
allantoic fluid. The surface of each embryo was then washed with 500 ml. of sterile normal 
salt solution to minimize contamination of brain and liver with virus present in extra- 
embryonic fluids. The liver was removed through an incision in the ventral abdominal wall. 
Normal brains and those with small hemorrhages were removed intact after reflecting the 
skin and calvarium with separate sterile instruments. The liquid consistency of markedly 
hemorrhagic brains necessitated aspiration of the cranial contents with a 19-gauge needle 
introduced through an area of skull seared with a hot iron. 

Infectivity Titrations. Individual brains or livers were homogenized in TenBroeck tissue 
grinders with sufficient broth-saline solution to make a 10 per cent suspension. Tissue sus- 
pensions, blood or extra-embryonic fluids were diluted with broth-saline solution in tenfold 
steps, and 0.1 ml. aliquots of each dilution were injected into the allantoic cavities of 6 eggs 
10 or 11 days of age. After an additional 48 hours of incubation at 38° C. eggs were chilled 
and allantoic fluids tested individually for their capacity to agglutinate an equal volume of 
one per cent chicken erythrocytes. The 50 per cent egg-infective dose (EIDs0) was deter- 
mined by the method of Reed and Muench (13). 


EXPERIMENTAL 


Development of Cerebral Hemorrhages in Embryos Infected with NWS Virus. 
Fourteen day old chicken embryos inoculated intravenously with small doses of 
NWS virus developed punctate hemorrhages in the cerebral and cerebellar 
cortex 24-30 hours after infection. Thereafter, hemorrhages increased in num- 
ber and severity, became confluent, and caused the cranial contents to bulge 








hou 


rha 


su] 
bry 


em 
alv 





).25 
reef 
for 
or 


heir 
the 
ible 


of a 
was 


by 
mal 
tra- 
yall. 
the 
sdly 
edle 


ssue 
sus- 
fold 
“28S 
lled 
e of 
‘ter- 


US. 
5 of 
llar 


ge 





ENCEPHALOPATHY CAUSED BY INFLUENZA VIRUS 127 





Fic. 1. Chicken embryos, 16 days old. Left, normal embryo. Right, infected embryo 64 
hours after NWS virus was inoculated intravenously. 





Fic. 2. Sagittal sections of chicken embryo heads. Left, normal embryos. Right, hemor- 
rhagic brain lesions resulting from intravenous infection with NWS virus 


superiorly (Figs. 1 and 2). In several experiments 85-100 per cent of the em- 
bryos were dead with marked cerebral hemorrhages 48-72 hours after infection. 

Minute hemorrhages occurred occasionally in skin and muscle of 14 day old 
embryos infected with NWS virus, but the most intense hemorrhages were 
always observed in the brain. 
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Influence of Age and Route of Inoculation on Mortality and Development of 
Cerebral Hemorrhages. 


Embryos 10, 12, 14 and 16 days of age were infected with NWS virus by the chorioallan- 
toic, allantoic or intravenous routes. The LD50 was determined for each group of 64 or 80 
embryos injected with aliquots of decimal dilutions of a standard virus suspension. Deaths 
occurring within 24 hours were considered nonspecific and the experiment was terminated 
in 4 days. 


No significant difference was observed in the LDso of NWS virus inoculated 
by the allantoic, chorioallantoic or intravenous routes in 10 and 12 day old 
embryos, but with increasing age, embryos became more resistant to allantoic 
or chorioallantoic infection (Table I). In 14 and 16 day old embryos, 100 to 
100,000 times more virus was required to initiate a lethal allantoic or chorio- 
allantoic infection than in 10 and 12 day old embryos. However, no increased 
resistance was noted in older embryos infected by the intravenous route; at 
16 days of age embryos were as susceptible to the lethal effect of intravenously 
administered virus as they were at 10 days of age. 

Newly hatched chicks inoculated intravenously with 20,000 EIDs 0 of NWS 
virus showed no signs of illness during a period of 6 days. 


The influence of age of the embryo and route of inoculation on the occurrence of brain 
hemorrhages was studied in 10, 12, 14 and 16 day old embryos infected with serial tenfold 
dilutions of NWS virus by the allantoic, chorioallantoic or intravenous routes. The presence 
or absence of hemorrhages was noted in embryos dead of infection and those that survived 
for 96 hours, when the experiments were terminated. The brain lesion scores are based on 
groups of 64 or 80 embryos. 


Cerebral hemorrhages occurred infrequently in 10 day old embryos regard- 
less of the route of inoculation or the infecting dose (Text-fig. 1). Allantoic or 
chorioallantoic injection of large doses of NWS virus had little effect in 16 day 
old embryos, and intravenous injection caused only a moderate number of 
brain lesions. In contrast, brain hemorrhages were noted in 12 day old embryos 
infected with high dilutions of NWS virus by any route of inoculation. 

Intense hemorrhages occurred most consistently when infection was initiated 
by the intravenous route in 14 day old embryos; as little as 2 EIDso of NWS 
virus resulted in a brain lesion score of 90 per cent. 


TABLE I 
LDio of NWS Virus Injected by Various Routes in Chicken Embryos of Different Ages 


Age of Embryos When Inoculated, days 
Route of Inoculation 


10 12 14 16 
Allantoic 1077-€ 1077-4 10-44 10-33 
Chorioallantoic 1077-5 10772 10-52 10728 
Intravenous 10-72 1077-7 1077-6 10-72 
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TEXT-FIGURE 1. Degree of brain hemorrhage in 10, 12, 14 and 16 day old chicken embryos 
infected with NWS virus by the allantoic (All.), chorioallantoic (C.A.M.), or intravenous 
(LV.) routes. 


TABLE II 
Hemagglutinin in Extra-embryonic Fluids of Chicken Embryos Infected Intravenously with 
40 EI Ds of NWS Virus 





Hemagglutinin Present in: 











| 
Experiment | Embryos* | Brain Lesion |__ 
Ne. Tested Score Allantoic fluid | Amniotic fluid | Allantoic and | either 
| alone | alone Amniotic fluids) 
per cent 
1 31 96 1 il 15 4 


2 12 100 3 1 3 5 


* 14 days old when infected. 


High concentrations of virus often caused less marked cerebral lesions than 
low concentrations. This paradoxical effect was particularly evident in 12, 14 
and 16 day old embryos inoculated intravenously. Despite the failure of con- 
centrated virus to produce marked brain hemorrhages, embryos invariably 
died 48-72 hours after infection. 

Infection of the Allantois and Amnion after Iniravenous Injection of NWS 
Virus. Burnet and Fraser (10) were unable to detect viral hemagglutinin in 
allantoic and amniotic fluids of chicken embryos infected by the intravenous 
route with a small dose of NWS virus. 


Embryos 14 days of age were inoculated intravenously with 40 EIDs (equivalent to 400 
intravenous LD») of NWS virus. Allantoic and amniotic fluids from embryos developing 
marked hemorrhages 48-72 hours later were tested for the presence of agglutinins for chicken 
erythrocytes. 


As shown in Table II, 79 per cent of 43 embryos infected with 40 EIDsp of 
NWS virus developed hemagglutinin in allantoic or amniotic fluid, or both. 
Marked cerebral hemorrhages were observed in all embryos, irrespective of the 
presence of hemagglutinin in extra-embryonic fluids. 
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Those allantoic and amniotic fluids giving negative hemagglutinin reactions (< 1:2), as 
well as brain tissue from the same intravenously infected embryos, were tested individually 
for their content of infectious virus. 


Table III demonstrates that significant amounts of infectious virus were 
present in the extra-embryonic fluids despite the absence of hemagglutinin. 
However, the titers of virus in brain far exceeded those of allantoic or amniotic 
fluids of these same embryos. It is apparent, therefore, that NWS virus could 
invade the allantois and amnion after intravenous infection, but its subsequent 
multiplication at these sites was limited. 

Hemagglutinin Production vs. Mortality as Criteria of Infection with NWS 
Virus. As WS virus underwent adaptation to the “neurotropic’”’ form (NWS) 
by serial passage in chicken embryos and mice (9), its infectivity for allantoic 
cells of the chicken embryo diminished. Despite 36 subsequent allantoic pas- 
sages, at least 10 times more NWS virus than WS virus is required to produce 
detectable hemagglutinin after intra-allantoic infection. 


Two allantoic fluid preparations of NWS virus were titrated by the allantoic route in 10 
or 12 day old embryos and, in two parallel experiments, by the intravenous route in 12 or 14 
day old embryos. Six to 10 embryos were inoculated at each dilution. Embryos injected 
intra-allantoically were considered to be infected if hemagglutinin was detected in allantoic 
fluid after incubation for 48 hours. The criterion of infection in embryos injected intraven- 
ously was death within 96 hours. 


Table IV demonstrates that the intravenous LDso of NWS virus was 10 to 
50 times higher than the allantoic EIDso. Therefore, the classical allantoic 
method for titrating infectivity of influenza viruses was capable of detecting 
fewer than a tenth of the infectious units of NWS virus contained in infected 
allantoic fluid. It is also noteworthy that NWS virus titers of 10-77 and 10-* 
determined by the sensitive intravenous method compared favorably with 
titers of the parent WS strain determined by allantoic infection. It appears, 


TABLE III 


Comparison of Virus Content of Brain and Extra-Embryonic Fluids of Chicken Embryos 
Infected Intravenously with NWS Virus 











| | Virus Titer (Log EIDso) 
| ro 











ae , D es . ve ee 
Experiment Embryo No. LV. Dose | a re ae | a , 
| | ‘“fuid® | fuid® | Brain 
—— pee tes eee Ge } nanan ; Maen 
| EIDso | | 
1 1 40 3+ | 4.3 | 4.0 6.6 
2 40 3+ 3.3 4.3 a8 
2 i 202 «| 03+ 4.1 — 6.5 
2 202 «| | 3+ 5.1 ~ 6.6 
3 20 3+ 3.3 — 6.1 





* Hemagglutinin not detected in extra-embryonic fluids. 
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TABLE IV 
Comparative Susceptibility of Chicken Embryos to Intravenous and Allantoic Infection with 
NWS Virus 


Titer of Virus 
Preparation of Allantoic Fluid ——— pavtcapemenieeeceiiiees 
Intravenous infection 





EID o* LDset 


No. 1 10-*-6 ig? 
No. 2 ; 10-* 4 10-8-° 


* Based on the presence of hemagglutinin 48 hours after allantoic inoculation of 10 and 12 day 
old chicken embryos. 

+ Based on death within 96 hours after intravenous inoculation of 12 and 14 day old chicken 
embryos. 
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HOURS AFTER |.V. INFECTION WITH 
NEUROTROPIC INFLUENZA VIRUS (20 EIDs0) 


TEXT-FIGURE 2. Growth curve of NWS virus in brain and its relationship to cerebral 
hemorrhages and death. Note that the development of brain lesions lagged behind virus 
multiplication. 


therefore, that allantoic cells are fully capable of supporting the multiplication 
of NWS virus, but the resulting progeny have a limited capacity for initiating 
allantoic infection in a new host. 

Relation of NWS Virus Multiplication to Development of Brain Hemorrhages. 
The occurrence of cerebral hemorrhages and death was directly proportional to 
the rapid multiplication of NWS virus in brain. 


A group of chicken embryos 14 days of age was inoculated intravenously with 20 EID 
of NWS virus (equivalent to 1000 i.v. LDs: of this preparation). Eight embryos were selected 
at random 114, 8, 14, 23, 36 and 46 hours after infection to determine the brain lesion score, 
and at each time interval the brains of 4 of these embryos were titrated individually by 
allantoic inoculation of eggs. The cumulative mortality rate was calculated concurrently. 


The virus content of individual brains harvested at each interval was strik- 
ingly similar, evidence of a uniform rate of virus proliferation (Text-fig. 2). 
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Little virus was detected in the brain 114 hours after intravenous inoculation, 
but the titer increased rapidly thereafter, reaching a maximum level of 10° 
EIDso at 36 hours. 

Significant gross lesions were not observed until the titer of virus in brain 
was 10-*, when small hemorrhages developed. The brain lesion score increased 
rapidly from the 30th hour after infection, and most embryos showed extensive 
cerebral hemorrhages 36 to 46 hours after infection. When the brain lesion 
score was maximum (90 per cent) 46 hours after infection, the titer of virus in 
brain had decreased from the peak achieved at 36 hours. 

Rarely, a moribund embryo was observed with diffuse cerebral hemorrhages, 
but extensive lesions eventually resulted in death. All infected embryos were 
alive 30 hours after infection when the titer of virus in the brain was 10-*; 
thereafter, the mortality rate increased rapidly to 86 per cent at 46 hours. 

Comparative Growth Curves of NWS Virus in Brain and Liver. Although 
cerebral hemorrhages were the only lesions of internal organs visible by gross 
inspection, the titer of virus increased as rapidly in liver as in brain. 


A group of 14 day old chicken embryos was inoculated intravenously with 20 EIDs of 
NWS virus (equivalent to 1000 i.v. LDso). Four embryos were selected at random 1, 3, 6, 9, 
12, 18 and 24 hours after inoculation and the titer of virus in allantoic fluid, blood, brain and 
liver of each embryo was determined individually by subinoculation into the allantoic sac 
of 10-12 day old embryos. 


Infectious virus was first detected in liver and brain at 6 hours and multiplied 
rapidly to a titer of 10-* 24 hours after infection (Table V). No significant 
difference was observed in virus titers of brain and liver at any interval after 
infection. 

Viremia. Table V also demonstrates that virus appeared in the blood 12-18 
hours after intravenous injection of 20 EI Ds. of NWS virus. It should also be 
noted that the virus content of liver and brain exceeded that of blood at any 
given time. However, viremia preceded detectable allantoic infection by at 
least 6 hours, indicating that virus invasion of the allantois was secondary to 
blood stream infection. 

As noted in Table VI, virus invariably was present in blood 24 hours after 
intravenous infection of 13 additional embryos, but the infectivity titers ranged 
from 10-*-* to 10-*-5. Spontaneous agglutination of erythrocytes occasionally 
occurred when venous blood of infected embryos was suspended in normal 
saline solution. However, there was no correlation between spontaneous agglu- 
tination of erythrocytes and the concentration of infectious virus of the blood. 

Effect of Other Influenza Viruses Injected Intravenously. Burnet and Fraser 
(10) reported that a non-invasive Mel strain of influenza A virus inoculated 
intravenously in large amounts produced hemorrhagic brain lesions. 
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TABLE V 


Rate of Virus Multiplication in Chicken Embryos Infected Intravenously with 20 EI Ds 
of NWS Virus 





Log EIDso of NWS Virus 


Hours After 





Embryo No. Infection en SS Se 

Allantoic fluid Blood Liver Brain 

1 1 <1.0 <1.0 <1.0 <1.0 
2 <1.0 <1.0 <1.0 <1.0 
3 <1.0 <1.0 <1.0 <1.0 
4 <1.0 <1.0 <1.0 <1.0 
5 3 <1.0 <1.0 <1.0 <1.0 
6 <1.0 <1.0 <1.0 <1.0 
7 <1.0 <1.0 <1.0 <1.0 
8 | <1.0 <1.0 <1.0 <1.0 
9 6 <1.0 <1.0 1.3 1.6 
10 <1.0 <1.0 ss (Cl 1.7 
11 <1.0 <1.0 2.1 1.7 
12 | <1.0 <1.0 2.1 1.2 
13 9 | <1.0 <1.0 <1.0 2.0 
14 <1.0 <1.0 2.1 2.2 
15 | <1.0 <1.0 1.2 1.7 
16 <1.0 | <1.0 1.6 1.5 
17 12 <1.0 1.6 3.4 3.4 
18 <1.0 | <1.0 3.5 2.7 
19 <1.0 | <1.0 2.6 | 2.6 
20 <1.0 | <1.0 3.1 3.5 
21 18 <1.0 1.6 4.5 4.8 
22 <1.0 2.5 4.2 4.3 
23 <1.0 2.7 4.2 | 4.0 
24 <1.0 2.1 5.3 5.5 
25 24 2.2 3.0 6.1 5.8 
26 1.2 3.7 6.5 6.2 
27 <1.0 3.2 4.3 5.2 
0 4.4 6.2 6.9 


28 <1 





The effect of intravenous inoculation of the WS, PR8, and Lee strains of 
influenza virus in 14 day old chicken embryos was studied for comparison with 
the “invasive” NWS strain. The Lee strain did not produce hemorrhagic 
brain lesions or a significant number of deaths after intravenous inoculation 
(Table VII). PR8 and WS viruses were lethal for chicken embryos infected 
intravenously in doses of 5,500 or 220 EIDso, respectively; cerebral hemor- 
thages occurred sporadically and these were only occasionally as marked as 
those with NWS virus. 

The capacity of WS virus to multiply in brain was relatively limited. Virus 
titers in brains of 4 embryos 48-72 hours after intravenous injection of 31,000 
EIDs9 of WS virus ranged from 10-*7 to 10-*-4, compared with titers of 10-*7 
to 10-7-5 36 hours after injection of 20 EIDs0 of NWS virus. 
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TABLE VI 
Viremia in Chicken Embryos 24 Hours After Intravenous Inoculation of 20 EIDs of NWS Virus 





Presence of Virus in Blood 











Embryo No. — —— 

Hemagglutinin* } Log EIDso 
l fe 4.2 
2 0 2.6 
3 0 3.3 
+ + 5.0 
5 0 6.5 
6 0 3.4 
7 0 3.1 
8 0 6.4 
9 0 4.6 
10 0 3.7 
11 0 + 
12 0 4.3 
13 0 4.0 


| 


* Spontaneous agglutinination of 1 drop of blood suspended in 1 ml. of normal saline solution. 





TABLE VII 


Effect of Intravenous Inoculation of PR8, WS, and Lee Strains of Influenza Virus in 14 
Day Old Chicken Embryos 








Strain of Virus Dose Inoculated | Deaths* Brain Lesion Score 
Log EIDw | per cent 
PR8& 5.74 8/8 13 
4.74 9/9 0 
3.74 4/8 0 
2.74 0/9 0 
WS 6.11 6/6 0 
5.11 10/10 40 
4.11 10/10 } 23 
3.11 8/9 0 
2.11 3/9 0 
1.11 1/9 0 
Lee 6.61 3/6 0 
5.61 1/6 0 
4.61 1/6 0 
3.61 0/6 0 





* Observation period: 5 days. 





DISCUSSION 


Previous studies (14) have shown that NWS virus causes generalized infec- 
tion in infant mice injected by intraperitoneal, intranasal or intramuscular 
routes. Viremia develops with small infecting doses and the virus is dissemi- 
nated to and multiplies in all tissues. Susceptibility to infection diminishes with 
increasing age and newly weaned mice are resistant to parenteral injection of 
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virus. This “invasive” property of NWS virus in immature hosts had previously 
been demonstrated in chicken embryos. Virus gains access to the circulation 
from the chorioallantoic membrane and multiplies extensively in brain with the 
production of marked cerebral hemorrhages (9). However, Burnet and Fraser 
(10) noted that cerebral hemorrhages occur less frequently in 12 day old 
embryos inoculated with NWS virus by the allantoic route. These differences 
in the incidence of hemorrhagic encephalopathy after chorionic and allantoic 
infection were also observed in the present studies, but to a lesser extent and 
only in 12 day old embryos. At 14 days of age, embryos were moderately 
resistant to both chorionic and allantoic infection and by 16 days of age even 
large doses of NWS virus injected by these routes failed to produce cerebral 
hemorrhages. 

In contrast, embryos 10, 12, 14 and 16 days of age were equally susceptible 
to the lethal action of NWS virus injected directly into the blood stream. The 
incidence of cerebral hemorrhages after intravenous infection of 14 day old 
embryos was correspondingly high (50% brain lesion score: LDso ratio of 
10’-°: 107 -*), whereas embryos 10, 12 and 16 days of age frequently died without 
gross cerebral hemorrhages. Notwithstanding, it appears that a partial barrier 
to viral invasion of the embryo from chorionic and allantoic sites of infection 
develops with increasing age. 

The existence of allantoic and amniotic barriers to infection in 14 day old 
embryos was also demonstrated by studies of virus dissemination after intra- 
venous injection. In the early stage of infection NWS virus could not be de- 
tected in allantoic fluid although present in the blood of the same embryos. 
Virus eventually appeared in extra-embryonic fluids, but at titers lower than 
anticipated and often in amounts insufficient to be detected by hemagglutina- 
tion. To some extent these abortive infections of allantois and amnion may be a 
function of intrinsically limited growth potential of NWS virus at these sites. 
With the “invasive” Mel-Egg strain, Burnet and Bull (15) found that the 
EIDs50, based on appearance of hemagglutinin after allantoic inoculation, was 
often 100 times less than the LDs5o as determined by intravenous inoculation 
of virus. This discrepancy in methods for assaying infectivity also applies to 
NWS virus (10). In our experiments determination of the EI Ds» by the clas- 
sical method of allantoic subinoculation gave disproportionately low titers 
compared to the LDs after intravenous infection, the EIDs0:LDso ratios 
ranging from 1:10 to 1:50. 

The occurrence of cerebral hemorrhages after intravenous injection of NWS 
virus was directly related to the localization and multiplication of virus in 
brain tissue. Even with small infecting doses (20 EIDs0) the virus proliferated 
at a rapid and uniform rate reaching maximum levels of infectivity in 36 hours. 
Brain lesions also developed in a regular sequence. Hemorrhages were first 





136 E. W. HOOK AND R. R. WAGNER 


noted at 24 hours when the virus titers were approximately 10-*, gradually 
increased in extent and severity thereafter, but were of maximal intensity only 
after infectivity titers were beginning to decline. The “non-invasive” WS virus 
had a limited capacity to multiply in the chicken embryo after intravenous 
injection. The titers of WS virus in the brain 36 hours after infection were 
100-1000 times less than titers in embryos infected with NWS virus. Hemor- 
rhagic encephalopathy, regularly observed after small doses of NWS virus, 
occurred only sporadically in embryos inoculated intravenously with the WS 
strain. However, WS virus infection frequently resulted in death from other 
causes, a finding previously noted (10) with the ‘‘non-invasive”’ Mel strain. A 
similar correlation between multiplication potential and pathogenicity has 
been noted in influenza virus infections of mouse lung. Mouse adapted strains 
multiply rapidly to high titer and cause extensive pulmonary lesions, although 
the development of pneumonitis invariably lags behind virus proliferation 
(16). Large amounts of unadapted viruses are required to produce comparable 
pulmonary lesions, and virus multiplication is correspondingly limited (17). 

These data do not completely elucidate the pathogenesis of hemorrhagic 
encepholopathy, but certain conclusions seem warranted. The uniform sus- 
ceptibility to intravenous infection of embryos of all ages indicates that the 
encephalopathogenic and lethal actions of NWS virus are dependent to some 
extent upon its gaining entrance to the blood stream. Significant amounts of 
virus appeared in the liver and brain between 3 and 6 hours after intravenous 
injection of a scant 20 EIDso, suggesting that virus is immediately transported 
to highly susceptible cells. Within a further 6 to 12 hours virus multiplied 
rapidly in the tissues and re-entered the circulation. The most plausible ex- 
planation for this sequence of events is that NWS virus infection takes place 
within the vascular system. The circulating blood cells can be excluded as 
primary sites of virus multiplication because the tissues invariably contained 
more infectious virus than the blood. It seems most likely, therefore, that the 
initial sites of virus localization were in endothelial cells, which would account 
for the short eclipse phase and the subsequent rapid increase in virus content 
of the tissues. Presumably, cross infection of endothelial cells also occurred by 
way of the blood stream when virus was released from infected endothelial 
cells, although viremia could not be detected until the levels of virus in the 
tissues exceeded 10* ETDs. Additional evidence in support of an endothelial 
site of virus proliferation is presented in the following paper on evolution of 
vascular lesions in the brains of infected embryos. 

It should be noted that NWS virus multiplication in liver paralleled that in 
brain, evidence for equivalent susceptibility to infection of vascular endo- 
thelium of different tissues. No explanation is apparent, therefore, for the 
occurrence of gross cerebral hemorrhages almost entirely in brain tissue. How- 
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ever, the viruses of Newcastle disease (18), Rous sarcoma (19), pseudorabies 
(20), and equine encephalomyelitis (21, 22) also produce hemorrhagic diseases 
in chicken embryos with lesions predominately in brain. The influence of local 
anatomical factors rather than propensity of viruses to affect cerebral blood 
vessels is emphasized by the fact that bacterial endotoxin (23) and certain 
heavy metals (24) also cause hemorrhagic encepholapathy in chicken embryos 
by damaging cerebral endothelium. 

There appear to be three possible mechanisms by which influenza virus can 
cause hemorrhagic encephalopathy. The first of these is that virus accumulating 
in the tissues may eventually reach concentrations sufficient to provoke a 
toxic reaction, similar to the hemorrhages produced in mice by massive doses 
of non-infectious virus (25, 26). Secondly, it is possible that cerebral hemor- 
thages are the result of multiple thrombi formed by erythrocytes agglutinated 
by circulating virus (15). However, this explanation seems unlikely because 
no correlation was found between the degree of viremia and spontaneous 
agglutination of erythrocytes in venous blood removed from embryos with 
cerebral hemorrhages. Finally, virus multiplying within endothelial cells may 
injure them directly and cause disruption of vessel walls. The data presented 
here and in the following paper (11) appear to support the last hypothesis. 


SUMMARY 


The pathogenesis of hemorrhagic encephalopathy was studied in chicken 
embryos infected with the “neurotropic” WS strain of influenza A virus. 
Susceptibility to the lethal and hemorrhagic effects of the virus was dependent 
upon the age of the embryo and the route of inoculation. Small infecting doses 
caused death of 10 day old embryos, usually without cerebral hemorrhages, 
regardless of the route of inoculation. Resistance to allantoic and chorioal- 
lantoic infection developed with increasing age. However, marked cerebral 
hemorrhages occurred in 14 day old embryos infected intravenously with as 
little as 2 EIDso of NWS virus. No significant differences were noted in sus- 
ceptibility to the lethal action of NWS virus injected intravenously in 10-16 
day old embryos. In fact, the incidence of death after intravenous infection 
was a more sensitive method for detection of NWS virus than the classical 
method of titration based on the presence of hemagglutinin after allantoic 
infection. 

The WS, PR8 and Lee strains of influenza virus were limited in their capacity 
to infect chicken embryos by the intravenous route and rarely caused brain 
lesions. 

The development of cerebral hemorrhages was correlated with the multipli- 
cation of NWS virus in brain. Following intravenous injection of 20 EIDs» the 
titers rose rapidly to a level of 10-* in 24 hours. Gross hemorrhagic lesions were 
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first noted at this time but were of maximum intensity only after the virus titers 
had begun to decline. Simultaneous titrations of virus in tissues, blood and 
allantoic fluid revealed that virus multiplied equally well in brain and liver, 
but could be detected in venous blood only after infection was well established. 
Abortive infection of allantoic cells occurred secondary to viremia. 


These studies appear to support the hypothesis that hemorrhagic encephalop- 


athy is caused by localization and multiplication of NWS virus in vascular 
endothelium. 
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INTRODUCTION 


Hemorrhagic brain lesions are the most prominent gross pathological findings 
in chicken embryos infected with certain strains of influenza virus (1-3). The 
preceding paper (4) described the evolution of these lesions and their relation 
to virus multiplication in the brain. Small cerebral hemorrhages were first 
noted 24 hours after intravenous infection when the virus content of brain 
reached a level of 10° EIDso. Within a further 12 to 22 hours hemorrhages in 
the brain became confluent and massive, and the embryos died. 

The neuropathology of influenzal hemorrhagic encephalopathy is described 
in the present report. The earliest lesions noted were diffuse damage to capil- 
laries in the absence of specific neuronal lesions or inflammation, suggesting 
that the “neurotropism” of NWS influenza virus in the chicken embryo is 
primarily an effect on endothelium rather than on nerve cells. 


Materials and Methods 


Virus. A single allantoic fluid preparation of the neurotropic variant (NWS) of the WS 
strain of influenza A virus was used. The seed inoculum was stored at —60° C. and diluted 
with broth-saline solution to the desired concentration immediately prior to use. 

Infection of Embryos. Fourteen day old chicken embryos were injected intravenously 
with 0.1 ml. of a suspension containing 1000 intravenous LDs0 of NWS virus. Control em- 
bryos were injected intravenously with 0.1 ml. of broth-saline solution. Both groups were 
incubated at 38° C. and candled frequently to determine the incidence of death. Four em- 
bryos of each group were selected at random for pathologic study at intervals after injection. 
The virus content of the brain of four additional embryos in the virus-infected group was 
determined at the same time intervals. Methods of scoring brain lesions, removing brains 
and determining egg infectivity (EIDso) were described in the preceding paper (4). 

Preparation of Brains for Histologic Study. Embryos were killed by injecting 1-2 ml. of 
10 per cent formalin into an allantoic vein. Further fixation of brain was achieved by perfus- 
ing the heart with an additional 1-2 ml. of formalin. Small incisions were made in the skull 
to assure effective penetration of fixative and the entire head was then placed in 10 per cent 
formalin at 4° C. for 2448 hours. After this preliminary fixation, the brain was carefully 
removed from the cranial cavity and immersed in formalin for two weeks, prior to embedding 
in celloidin. Sections were cut serially at 20 to 30 microns and stained with hematoxylin and 
eosin, gallocyanin and Van Gieson’s stain. 





1 This study was supported by a grant from the U. S. Public Health Service and a con- 
tract with the U. S. Army Chemical Corps, Fort Detrick, Frederick, Md. 
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Fic. 1. (Left to right. Top row: A, B. Bottom row: C, D, E) Brains from chicken embryos 
1, 24, 30, 36 and 46 hours after infection intravenously with 1000 i.v. LDs9 of NWS virus. 


RESULTS 


Gross Pathology. The appearance of chicken embryo brains at intervals after 
intravenous infection with NWS virus is shown in Figure 1. Twenty-four to 30 
hours after infection, punctate hemorrhages, 1 to 3 mm. in diameter, appeared 
in cerebral and cerebellar cortex, Figure 1 (B, C). Thereafter, these increased 
progressively in number and size. The punctate hemorrhages became confluent 
after 36 hours, resulting in massive hemorrhagic softening and edema of brain, 
Figure 1 (D, E). Hemorrhages sometimes ruptured through the meninges and 
membranous skull to form subcutaneous hematomas. Volumes and weights of 
brains with advanced lesions were frequently doubled. 

The correlation between degree of gross brain hemorrhage, titer of virus 
in brain and mortality is shown in Table I. Single punctate hemorrhages were 
occasionally noted 24 hours after infection but extensive lesions occurred only 
when the virus titer exceeded 10° EID5p. 

Hemorrhagic brain lesions were the most striking manifestations of NWS 
virus infection in chicken embryos. Although careful examination of the entire 
embryo was not performed routinely, the only other lesions noted were occa- 
sional small hemorrhages in feather follicles and muscle. 

Microscopic Pathology. No \esions were noted in brains of embryos infected 
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TABLE I 


Correlation of Brain Hemorrhage, Titer of Virus in Brain and Mortality in Chicken Embryos 
Infected Intravenously with 1000 LDso of NWS Virus 


Type of Brain Hemorrhage 


“Tanction Examined a Single Multiple Large on Mestality View Brain 
. punctate punctate | confluent ““” 

Hours per cent EIDs 

t 4 4 0 109.5 

8 4 4 0 10! 4 

14 + 4 0 10? -' 

24 4 3 1 0 10*-9 
30 4 3 1 0 10°.° 
36 6 3 3 32 10° # 
46 3 1 1 1 86 10° 


* Each value represents the mean titer of 4 embryo brains. 





Fic. 2. Section through third ventricle and thalamus 8 hours after infection showing 
normal vascular pattern (X 50). 


intravenously with NWS virus | or 8 hours previously (Figs. 2 and 3). Minimal 
dilatation and engorgement of capillaries and veins were evident at 14 hours, 
and became marked at 24-30 hours after infection (Figs. 4 and 5). These 
vascular changes appeared first in the white matter of the cerebral and cerebel- 
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Fic. 3. Section through cerebellum 8 hours after infection showing normal vascular pat- 
tern (X 50). 
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Fic. 4. Section through third ventricle and thalamus 30 hours after infection showing 
marked capillary and venous dilatation and engorgement (X 50). 
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Fic. 5. Section through cerebellum 30 hours after infection showing generalized venous 
and capillary dilatation and engorgement (x 50). 
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Fic. 6. Section through white matter of cerebrum 30 hours after infection showing capil- 
engorgement, pericapillary edema and glial swelling (xX 500). 
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Fic. 7. Section through white matter of cerebrum 36 hours after infection showing capil- 
lary rupture (X 300). 


lar hemispheres, next in cerebral and cerebellar cortex, and finally in thalamus 
and brain stem. In uninfected brains, or in brains removed shortly after infec- 
tion, the capillary vascular network was inconspicuous. Twenty-four to 30 
hours after infection, however, branching small blood vessels filled with 
erythrocytes were prominent (Figs. 4, 5 and 6). Capillary engorgement, 
endothelial swelling and blood stasis were followed by edema spreading out 
from perivascular regions into the ground substance (Fig. 6) and by capillary 
rupture (Fig. 7). 

A single hemorrhage was observed in one chicken embryo 14 hours after 
infection (Fig. 8); this was an unusual occurrence. Multiple perivenous and 
pericapillary hemorrhages appeared 30 to 46 hours after infection (Fig. 9). 
These soon became coalescent and produced extensive distortion of brain 
architecture (Fig. 10). Plasma and blood also escaped into the ventricular 
system (Figs. 11 and 12) and subarachnoid and subdural hemorrhages ap- 
peared. 

In the early stages of brain edema, swelling occurred around the nuclei of 
the oligodendroglia, and the ground substance became distended with edema 
fluid, producing a pavement-like appearance of the glia. Swelling of astrocyte 
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Fic. 8. Section through occipital poles, cerebellum and brain stem 14 hours after infection 
showing an early linear venous hemorrhage (Xx 12). 





Fic. 9. Section through cerebrum, thalamus, and third ventricle 36 hours after infection 
showing multiple hemorrhages occurring predominantly in the white matter (Xx 12). 
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‘tion 
Fic. 10. Section through cerebrum, cerebellum and brain stem 46 hours after infection 
showing massive, coalescent hemorrhages with marked brain edema (X 12). 
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Fic. 11. Section showing escape of plasma into lateral ventricle (X 150). 
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Fic. 12. Section showing intraventricular hemorrhage ( 150). 


nuclei and astrocyte bodies, and occasional vacuolization of neurons were also 
observed. 

At no time was there evidence of endothelial proliferation, inflammatory 
reaction in brain parenchyma or around blood vessels, or invasion by macro- 
phages. In brains with massive hemorrhages, necrosis of neurons was seen 
throughout but this occurred only very late in the course of infection, ap- 
parently secondary to the vascular lesions. Only intact erythrocytes were seen 
in distended vessels and organized thrombi were not encountered. 


DISCUSSION 
The sequence of development of cerebral lesions in chicken embryos infected 
with “neurotropic” influenza virus suggests that the primary action of the 
virus in the brain is on blood vessels rather than on nerve cells. Only vascular 
lesions were noted until late in the course of infection when viral multiplication 
had passed its peak, and the necrosis of nervous tissue that occurred appeared 

to be secondary to extensive vascular lesions. 
Although further studies are required to determine the exact mechanism by 
which influenza virus damages cerebral blood vessels, the histologic lesions 
developed in a sequence consistent with primary involvement of vascular 











an 


chi 
atk 
tro 
les 
vir 


inf 
Vil 











also 


tory 
LcTO- 
seen 

ap- 
seen 


cted 

the 
ular 
tion 
ared 


1 by 
ions 


ular 








ENCEPHALOPATHY CAUSED BY INFLUENZA VIRUS 149 


endothelium. The earliest changes noted were capillary distension and engorge- 
ment, and swelling of endothelial cells, followed by pericapillary edema, 
effusion of plasma, and finally rupture of the greatly distended capillaries. 
The appearance of well preserved erythrocytes within capillary lumens was 
more consistent with stasis than thrombosis. Involvement of capillaries and 
small veins throughout the brain and the absence of arterial occlusions and 
ischemic necrosis are taken as evidence that hemorrhages were not secondary 
to multiple emboli. It seems likely that damage to small blood vessels results 
from virus multiplication within endothelial cells, as postulated by Burnet and 
Fraser (5). 

The reason hemorrhages occur predominantly in the brain is obscure. As 
noted in the preceding paper (4), growth curves of NWS virus in liver are 
identical to those in brain. Cerebral capillaries of the chicken embryo may be 
particularly vulnerable to distension and prone to rupture. The cerebral blood 
vessels are involved in many other viral infections of the central nervous 
system as evidenced by the frequent occurrence of small hemorrhages, peri- 
vasculitis and cerebral edema. Autopsies of patients with measles (6, 7), 
mumps (8) or vaccinial encephalomyelitis (9) have shown lesions predomi- 
nantly of blood vessels supplying the white matter of the brain. Characteristic 
intranuclear inclusion bodies of fox encephalitis virus are found in endothelial 
cells of the brain, and not in nerve cells or endothelium of other tissues (10). 
Chicken embryos infected with pseudorabies virus show marked cerebral 
hemorrhages consistent with destruction of vascular endothelium (11). Dis- 
temper virus also localizes in cerebral vascular endothelium of ferrets (12) 
and dogs (13) as well as in nerve cells. Marked hemorrhages in brain and other 
tissues often occur in chicks and ducklings infected with Rous sarcoma virus 
(14), and in chicken embryos infected with certain of the encephalitis viruses 
(15, 16). 

Myxoviruses other than influenza can cause cerebral hemorrhages in im- 
mature hosts. The histopathology of mumps encephalitis of suckling hamsters 
and mice suggests that the virus acts directly on blood vessels of brain (17). 
Certain strains of Newcastle disease virus produce hemorrhages in the brains of 
chicken embryos (18), similar to those of influenzal hemorrhagic encephalop- 
athy. As previously noted (4, 5), chicken embryos infected with non-neuro- 
tropic strains of influenza virus also occasionally develop hemorrhagic brain 
lesions. Therefore, no direct correlation is evident between infectivity of a 
virus for nervous tissue and its capacity to affect cerebral blood vessels. 


SUMMARY 


A detailed histopathologic study was made of the brains of chicken embryos 
infected intravenously with a “neurotropic” variant (NWS) of influenza A 
virus. A diffuse, progressive hemorrhagic encephalopathy developed, charac- 
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terized by dilatation and congestion of capillaries, endothelial swelling, stasis 
of blood, perivascular edema, swelling of ground substance, and finally capillary 
rupture and extensive hemorrhage. Inflammation was conspicuously absent 
and necrosis of nervous tissue occurred only late in the course of infection 
secondary to vascular damage. 
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Genetic Resistance to Disease in Domestic Animals. By Freperick Bruce Hutt. 198 
pp., $3.50. Cornell University Press, including Comstock Publishing Associates, 
Ithaca, N. Y. 

The Professor of Animal Genetics in the New York State College of Agriculture of Cor- 
nell University has written a delightful and informative monograph which although con- 
cerned particularly with resistance to infectious disease is an excellent survey of all genetic 
disease in domestic animals. It is an admirable introduction to the field of comparative 
genetic pathology. In addition to the large portion of the monograph devoted to resistance 
to bacterial, protozoal and viral disease, a chapter discusses some of the clearly hereditary 
disorders, such as achondroplasia, epithelial defects (possibly comparable to epidermolysis 
bullosa congenita), the “short-spine” condition of cattle in which only the axial skeleton is 
affected, hairlessness of cattle, hereditary diseases of the central nervous system, and so on. 
A chapter entitled “Aberrant Metabolism” discusses biochemical genetics in domestic 
animals. Another called “Ways of Resisting’ reviews some of the known mechanisms of 
genetic protection against disease. 

The medical geneticist will be interested to find parallels to his own experiences with 
genetic diseases in man. Hutt cites several instances of what in human populations would 
probably be referred to as “balanced polymorphism”. Just as the heterozygote for the 
sickle cell trait has an advantage in malarious areas over both types of homozygote, the 
“yellow” mouse heterozygote is more resistant to mammary carcinoma than its white 
sister, although the homozygous form of “yellow” is lethal (p. 27). The platinum fox cer- 
tainly is considered by furrier and female fancier to have an advantage over the standard 
silver fox of which it is a heterozygous mutant but the homozygous state for “platinum” is 
lethal. Hutt cites several examples of hereditary syndromes which probably represent mani- 
fold expressions (“pseudo-pleiotropy”) of a single gene which controls some biochemical 
process implicated in several areas: in some gray breeds of sheep, such as the Karacul, the 
animal that is homozygous for gray has also a peculiar disorder of the gastrointestinal tract 
(p. 26). The great majority of genetic disease in domestic animals behave as Mendelian 
recessives. Obviously dominant traits are easily eliminated whereas recessive genes may 
become widely disseminated. Muller estimates that on the average man carries, in hetero- 
zygous form, about eight different genes for grave hereditary “recessive” diseases. Some 
indication of this incidence can be obtained from the study of highly inbred human popu- 
lations (i.e., those with a high “consanguinity rate”). By actual mating experiments six 
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randomly selected bulls of various dairy breeds were found to carry two lethal characters 
and genes for six other simple defects (p. 29). The desirability of recognizing genetic carriers 
of recessive diseases (i.e., heterozygotes) is appreciated by the animal geneticist; examples 
such as the disturbing dwarf condition of Aberdeen Angus and Hereford cattle are cited 
(p. 31). 

Porphyria in cattle and swine, purine metabolism in the Dalmatian, and “yellow fat” in 
sheep and rabbits are discussed in the section on biochemical genetics. Hutt describes the 
interesting recessive mutation in sheep which results in photosensitization because the 
liver of the affected animal is unable to dispose of phylloerythrin, a digestion product of 
chlorophyll (p. 128). Fascinating genetic differences in the requirement and utilization of 
riboflavin and thiamin are described (p. 131-139). 

Two sections of the book which are perhaps most valuable as illustrations of the inter- 
play of environment and genome are those entitled “On Coping with the Environment” 
and “Ways of Resisting’. Animals are maintained under more diverse environmental cir- 
cumstances than obtain for man. The expression of a given gene may be quite different 
under different environmental conditions, as illustrated by the many examples provided. 
Twin studies in animals, for dissecting out the separate effects of nature and nurture, are 
discussed. 

The gene-determined mechanisms of resistance to disease in animals are many. Although 
most are still unknown, those which have been elucidated point to the importance and 
fascination of this area of investigation. In guinea pigs a genetic defect in blood complement 
(inherited as a recessive) determines low resistance to infection (p. 147). The fact that 
White Leghorn chicks are more resistant to “pullorum disease” than Rhode Island Reds 
is related in some way to the fact that after hatching the White Leghorn chick is able to 
attain the normal adult temperature (105-109°F.) more quickly (p. 157). (Pasteur provided 
a classical demonstration that the fowl’s immunity to anthrax results from its high body 
temperature. Dunking in cold water would break the immunity.) Klendusity (from Gr. 
kle “to bar”, and endusis, “‘entry’’) is a term applied to the resistance to infection which 
results from anatomical or physiologic characteristics which prevent entry of the agent 
(p. 155). The classical example is the striking resistance of Zebu cattle to tick-borne dis- 
ease, as compared with European cattle. It is not demonstrated that the Zebus have greater 
ability to resist disease once infected. Rather, the resistance is a matter of the ability to 
escape infection because of the physical character of the Zebu hide which admits an im- 
munizing but not infecting dose of organisms. 

Hutt’s monograph is eminently readable. Such a relatively small book can not be ex- 
haustive in its treatment of such a large subject. However, bibliographic references are 
numerous and seemingly well chosen. The book is spiced with “digs” at veterinary students, 
practicing veterinarians, government veterinarians, and animal breeders. Scattered through 
it and concentrated in the final chapter is a lament that more use is not made of genetic 
resistance to disease and the breeding of resistant stock, rather than relying only on vac- 
cines, “‘slaughter of the innocents”, etc. 

It should be evident from the samplings provided, that this book will be of great useful- 
ness to the medical geneticist. 

Victor A. McKusick 


Clinical Enzymology. Edited by Gustav J. MaArtTIN. 241 pp., $6.00. Little, Brown & Co., 
Boston, Mass. 
The intriguing title of this volume, “Clinical Enzymology, 


” 


might more appropriately 


have been “Enzymology for Clinicians,” but even with this modification, it would suggest 
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a greater scope of content than this work actually offers. The author, Gustav J. Martin, 
is Research Director of the National Drug Company of Philadelphia, which markets tryp- 
sin for parenteral use. Much of the material concerns the nature and use of enzymes such 
as trypsin, hyaluronidase, streptokinase and the ribonucleases. A title such as “The Clinical 
Use of Parenteral Enzymes” might have been appropriate except for two reasons: 1) There 
probably is not enough to say on the subject to warrant the writing of a whole book, and 
2) in the work under discussion, there are a few digressions into other fields, such as en- 
zyme inhibitors, and the “Diagnostic Use of Enzymes,” i.e., the measurement of blood 
concentrations of enzymes for diagnostic purposes. Unfortunately none of the sections are 
complete enough to stand entirely alone, but they do contain sections worthy of review, 
particularly for purposes of reference. 

The treatise starts out with a broad discussion of “Protein Biology,” describing some 
general characteristics of proteins and enzymes and general concepts concerning their 
nature. The reviewer found this introduction generally interesting. It is evidently not in- 
tended to take the place of a more comprehensive treatment of protein chemistry. Some 
parts of this section however, seem rather speculative. The discussions become quite wordy 
and sometimes vague (at least to me). For example, on page 29 we find the sentence, “Life 
is a vortex in the earthstream of physiologically designed atomic and molecular units.” 
Succeeding sections discuss the chemistry (by M. J. Sullivan) and biochemistry (by J. M. 
Beiler) of enzymes used clinically, and the parenteral use of these enzymes (by H. Tanyol 
et al.). The final sections are the Diagnostic Use of Enzymes (by G. V. Rossi), Polymerases 
in Biology, and a Recapitulation (both by G. J. Martin). 

In summary, the reviewer feels that although this book could serve as a useful reference 
text for certain specific purposes, it is too much of a hodge-podge and too incomplete to be 
of the greatest use for either the chemist or the clinician. It might be said, however, that 
the writing of a volume in this field must be a difficult task, and the author should be given 
due credit for the effort he has made. A great deal of literature has been reviewed. 

Witiram P. McCann 


Ulcerative Colitis. By Harry E. Bacon. 395 pp., $15.00. J. B. Lippincott Co., Philadelphia, 
Pa. 

At the time of writing this book the author had had experience with 440 cases of ulcera- 
tive colitis. One hundred and eight of these patients were operated upon. The work is a 
thorough, careful review of the nature of the disease and its treatment. His basic thesis is 
that once ulcerative colitis is established and severe, the patient will ultimately come to 
colectomy and that this colectomy should be a total colectomy with abdomino-perineal 
resection, and, within reason, the sooner the better. With this opinion the present reviewer 
is in entire agreement, although accustomed to making a more formal apology for having 
no better treatment for a diseased organ than its removal. While agreeing, too, with the 
author’s exasperation with those physicians who consider any postponement or avoidance 
of operation a triumph, even if it is at the cost to the patient of lifelong debility, I would 
prefer to see the thought processes of such physicians less sarcastically attacked. 

From the standpoint of etiology, nothing new is offered. The development of cancer in 
the colon of patients with ulcerative colitis is well documented from the author’s own ex- 
perience and the reported literature. It will be difficult for any reader, after reviewing the 
masses of statistics offered, and reading the case citations, to escape the conclusion that 
patients with ulcerative colitis are considerably more liable to the development of cancer 
of the colon than other patients, and that the duration of the disease is the single most 
important factor, and finally, that this is particularly so in the younger patients. As to 





154 BOOK REVIEWS 


whether he feels that these carcinomas develop from pseudo polyps or independently of 
them, I have had great difficulty in determining from Bacon’s analysis. He seems content 
to leave the status of the matter at the point at which it is admitted that the pseudo polyps 
are not true adenomata and therefore not necessarily connected with the development of 
cancer, but that the increase in numbers of pseudo polyps is associated with increasing 
likelihood of developing carcinoma. 

With the author’s general techniques and method of handling these patients I find my- 
self very largely in agreement, except for occasional details. If the book has any serious 
fault it is that the descriptions of operative procedures, which differ relatively little from 
one to another, are repetitious and given in too great and rather boring detail. The same 
may be said of the details of pre-operative and post-operative management. On the other 
hand, these sections, particularly that on the care of ileostomies should be required reading 
for the nurses and house staff in surgical clinics treating such patients. Useful also are the 
lists of types of ileostomy equipment and the addresses of the manufacturers supplying 
them. 

Bacon makes a strong case for the essential insensitivity of the disease to all forms of 
treatment available up to the present, although he describes, in detail, the various drugs 
and regimens which have been advised from time to time. He apparently has mixed feelings 
towards the use of the steroid hormones and seems enthusiastic about them only in connec- 
tion with fulminating cases in which the disease has at times been strikingly affected in a 
very short space of time. 

Bacon ably supports the thesis that once an ileostomy is required, total colectomy will 
almost inevitably be required and that the mortality of ileostomy is much greater than the 
mortality of ileostomy plus colectomy, and that there is little or no place today for the 
operation of ileostomy alone in the treatment of ulcerative colitis. He is perhaps not as 
forceful in advocating the definitive operation in fulminating cases as in the well established 
chronic cases. 

Mark M. RavitcH 


Clinical Hematology, 4th edition. By MAxweLL M. Wintrose. 1185 pp., $15.00. Lea & 
Febiger, Philadelphia, Pa. 

This text remains probably the single most complete treatise in its field. The author 
surveys not only known basic facts concerning the physiology, embryology and biochemis- 
try of the hematopoietic system but also details, methods of laboratory determination, 
and the clinical disorders involving primarily the blood or blood forming organs. The pres- 
ent edition is both a revision and expansion of the 3rd edition published in 1951 and incor- 
porates many of the new advances made in these fields in recent years. As is inevitably true 
of such a text, some sections have already been made incomplete due to more recent dis- 
coveries. For instance, although the author describes clearly and succinctly the experimental 
work on animals indicating the importance of pyridoxine in erythrogenesis, this volume 
was prepared before the recognition of a clinical state of hypochromic microcytic anemia 
apparently due to spontaneous pyridoxine deficiency in humans. 

These minor deficiencies regarding the most current advances in no way, however, de- 
tract from the usefulness and completeness of this volume as a learned and readable survey 
of the entire field of hematology. As was true of his earlier volumes, the bibliography for 
each section has been carefully selected and will provide excellent references for those 
interested in pursuing more thoroughly any one of many subjects. 

There is only one minor criticism which one could fairly advance of the contents of this 
volume. The author has again included his discussion of myelofibrosis (agnogenic myeloid 
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metaplasia) in the section on myelophthisic anemias. The variety of names by which this 
disorder is known has long been a source of confusion to all and the author attempts to 
point out that he feels these cases do represent a single disease state. However, the running 
discussion of myelofibrosis inserted into the description of myelophthisic anemias due to 
such causes as metastatic carcinoma, has proved a source of confusion to both students and 
practitioners and may, in this writer’s opinion, prevent them from recognizing the former 
disorder as a distinct clinical entity. 
Patricia A. McINTYRE 


The Healing of Wounds. Edited by Martin B. WiLuiamson. 202 pp., $7.00. The Blakiston 
Division, McGraw-Hill Book Co., New York, N. Y. 

This small volume contains a wealth of material and represents the work of a number of 
contributors to a symposium on this subject. It is edited by Dr. Williamson who is presently 
Professor of Biochemistry at the Stritch School of Medicine of Loyola University in Chicago. 
His particular interest has been the metabolic changes involved in the healing of wounds 
and he has been a significant contributor to the knowledge on the subject for the past ten 
years or more. There are other sections on the role of the ground substance, methionine, 
sulfur, vitamin and hormonal influences and collagen. As the editor points out, “basic in- 
formation about the processes involved in the healing of wounds has accumulated to a re- 
markable degree in recent years’’. It is interesting to the reviewer that thus far none of this 
information has significantly altered either the production or treatment or suturing of 
wounds. Surgeons through careful observation, beginning notably with Lister and Halsted, 
have known for a long time how to deal with wounds without completely understanding all 
the basic concepts of healing. To say this, however, is not to imply that there will not be a 
change in the future in this regard. 

EDWARD S. STAFFORD 
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A fundamental problem in muscle physiology has been the determination of 
the relationship of muscle metabolism to function. As summarized by Ramsey 
(1, 2), two opposing views are currently held concerning the dependence of 
contraction and relaxation upon the transfer and utilization of chemical bond 
energy. The first implies that chemical bond energy is expended during the pro- 
duction and perhaps maintenance of the contracted state of muscle (3, 4, 5, 6). 
This view has been associated with the concept that relaxation of striated 
muscle is essentially a passive process not dependent upon metabolic processes 
and accomplished by internal elastic or external extending forces. The second 
major concept relating energy transfer to configuration has viewed relaxation 
as an active process in which bond energy or electron transfer is essential. The 
relaxed state from this viewpoint has been characterized as that of a high po- 
tential internal energy affected by the transfer of the energy of metabolism 
(1, 2, 7 to 12). Associated with this viewpoint is the concept that contraction 
is a physical process not requiring electron or quantum energy transfer within 
the contractile system. 

The kinetics of contraction and relaxation of ventricular heart muscle have 
been studied in the intact animal in which metabolic rate has been maximally 
varied both by alterations in thyroid hormone concentrations and in tempera- 
ture. The studies reported below indicate that major variations in the rate of 
metabolism are least manifested by changes in the kinetics of initial contraction 
of muscle. An inverse relationship exists between the metabolic rate and the 
duration of the contracted state or of relaxation. 


' This work was completed by Dr. W. R. Brewster during the tenure of a Research Fellow- 
ship and an Established Investigatorship in the American Heart Association. 

* This work was supported by grants-in-aid from the Massachusetts Heart Association, 
Wyeth Laboratories, Philadelphia, and under USAF Contract No. SRKB AF-49 (638)98, 
and AF 18 (600)-1258. 

* John and Mary R. Markle Foundation Scholar in Medical Science. Department of Sur- 
gery, The Johns Hopkins University School of Medicine and Hospital. 
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METHODS 
1. Animals 


Seventeen mongrel male dogs varying in weight from 10 to 24 kilograms were used. In- 
cluded were four athyroid dogs, eight euthyroid dogs, and five dogs which had been {fed 
thyroid powder as described below. 


2. Preparation of Animals 


a. Athyroid Dogs. The athyroid state was produced by the combined use of total thy- 
roidectomy and of I'*'. The dogs received I" in a dosage of 0.5 millicuries/kilogram of body 
weight at intervals of 6 and 12 weeks following thyroidectomy for the purpose of destruction 
of remaining thyroid and accessory thyroid tissue in the neck and upper mediastinum. All 
dogs were fed a low iodine diet composed of carbohydrate and of vegetable fats and proteins 
in order to eliminate the ingestion of thyroid hormones present in fish and animal proteins 
The animals were studied 22 to 24 weeks after the initial I’ injection. All dogs were myx- 
edematous in appearance. The mean serum protein bound iodine concentration of the group 
was 0.5 micrograms per cent. 

b. Thyroid Feeding. Animals were fed thyroid powder daily calculated on the basis of 0.8 
gm./kg. of body weight. Studies were done after nine to sixteen days of thyroid feeding. As 
previously reported, this regimen of thyroid feeding is sufficient to raise the serum protein 
bound iodine concentrations to average values of 16 to 18 micrograms per cent (13). 


3. Anesthesia 


All dogs were anesthetized with thiopental sodium for surgical preparation for the physio- 
logic observations described below. Following surgical preparation and prior to control 
studies, the dogs were allowed to recover from the thiopental anesthesia to the extent that 
superficial reflexes were present and the animal would react to cutaneous stimuli with a 
motor response. 

To prevent shivering during the period of cooling and rewarming, 0.125 mg./kg. of 
decamethonium bromide (C-10) was injected intravenously at 20 to 45 minute intervals. 
This dose of decamethonium had no observable effect upon the contractility of ventricular 
heart muscle. 


4. Determination and Control of Body and Heart Temperature 


Rectal, esophageal, and ventricular heart muscle temperatures were simultaneously de- 
termined utilizing thermistor resistance elements sutured in right and left ventricular heart 
muscle and inserted into both the esophagus and rectum of the animal. 

Cooling and warming of the dogs over the temperature range of 42°C. to 17°C. was accom- 
plished using an extracorporeal veno-venous shunt. Blood was removed from and returned 
to the inferior vena cava by an Olson pump. The rate of cooling and rewarming could be con- 
trolled both by a variation in the strike volume of the pump and by the temperature of the 
bath in which the external coils were immersed. For the purposes of this study, animals were 
slowly cooled and rewarmed at a rate not exceeding 1°C./15 min. At this rate of cooling or 
rewarming, temperature gradients between the heart and rectum or esophagus did not 
exceed 0.5°C. 


5. Direct Recording of Contraction and Relaxation of Ventricular Heart Muscle 


Recordings of isometric contraction and relaxation of right and left ventricular heart 
muscle were obtained utilizing strain gauge arches sutured to segments of both right and 
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left ventricular heart muscle as described by Boniface, Brodie, Walton (14) and Cotten 
(15, 16). The strain gauges were calibrated in terms of grams of weight exerting their force 
in parallel with the resistance element. Following suture of the arches, the length and tension 
of the muscle segment between the legs of the resistance arch was increased until a maximum 
contractile force was observed. Observations reported below on the contractile force and 
duration of events in the cardiac cycle are thus derived from isometric contraction and 
relaxation of the muscle segment sutured in parallel with the resistance element of the 
strain gauge arch. In addition to the force contribution from isometric contraction and 
relaxation, there is an isotonic contribution from the syncytium of muscle external to the 
strain gauge arch. This contribution cannot be quantitatively evaluated but is believed not 
to alter fundamentally the evaluation of the duration of phases of activity of ventricular 
heart muscle reported below. 


6. Intracardiac and Extracardiac Pressures 


Pulmonary arterial, left atrial, and left ventricular pressures were obtained via No. 10 
polyethylene catheters placed indirectly through small vessels approached by thoracotomy. 
Right atrial and right ventricular pressures were obtained by catheters inserted through the 
external jugular vein. Femoral arterial pressures were obtained through a No. 10 poly- 
ethylene catheter ligated into the femoral artery. Full range and condenser integrated mean 
pressures were obtained with Sanborn electromanometers. The pressures were recorded with 
a four channel Sanborn oscillograph together with the strain gauge signals and an electro- 
cardiogram obtained with one of the standard extremity leads. 

Following thoracotomy for insertion of catheters, the chest was closed and an intra- 
thoracic cannula was left in place for the purpose of establishing and maintaining a negative 
intrathoracic pressure by suction and water seal. 


7. Oxygen Consumption and Ventilation of Animals 


Animals were ventilated through a No. 35 Magill tube firmly tied in the trachea following 
tracheotomy. Mechanical ventilation was maintained throughout the course of all experi- 
ments. A system, described elsewhere (17), was used for the simultaneous intermittent posi- 
tive pressure ventilation of the animals with an Emerson resuscitator and spirometric de- 
termination of the oxygen consumption. 


8. Blood Volume 


Blood drawn for samples and initially displaced into the extracorporeal pump was re- 
placed by an equal volume of dextran. 


9. Calculations 


a. The body surface area in square meters was obtained with Meehs formula, using Rub- 

ner’s constant for the dog, as follows: 
Surface area/M? = 1.12 (weight/kg.)°” 

b. The oxygen consumption is corrected to standard temperature and pressure and is 
expressed in milliliters per minute per square meters of body surface area. 

c. The temperature coefficients (Q10) values were calculated to express the ratio of the 
value of a particular parameter studied to its value at a temperature 10°C. lower and is 
defined by the equation: 


K (t—-10) 


Q10 = 
; Kit) 
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where t = temperature in degrees Centigrade and K = velocity constant of the reaction. 
Over the temperature range studied, the Q10 was derived from the equation: 
10 Ko 
Log Qu =~ X Log 
&— & Ky 
d. The activation energy or u values were calculated from the Arrhenius equation relat- 
ing reaction velocity to temperature as follows: 
where u = activation energy (cal./mole) 


dink u k = velocity constant of reaction 
dT aT T = absolute temperature 
R = gas constant = 1.986 cal. deg.~' mole 


The above equation is also expressed as follows: 


K, uM (T; — To) 
n = 
Ky 1.986 T) To 


Where K, and Ko are reaction velocity constants at absolute temperatures T, and Ty re- 
spectively, 1.986 = gas constant(cal. degree mole) and uw the activation energy. 
10. Conversion Ratios to Correct Observed Values of the Contractile Force and 


Rates of Contraction and Relaxation to Values of Equivalent Magnitude 


Prior to suture to ventricular heart muscle, the strain gauges were calibrated in terms of 
the grams of force required for a standard oscillographic deflection and the duplicates of 
records below indicate the grams of force producing a given deflection. In suturing the strain 
gauges, there was a lack of uniformity in the lengths of muscle segments, a variation in the 
depth to which sutures were placed, and unequal orientation of the gauges relative to the 
longitudinal axes of the fibers of the segment. This resulted in a variation in the absolute 
contractile force among the different animals. It was thus not possible to compare the 
contractile force directly. Since the purpose of the work was to compare the effects of changes 
in temperature upon the initial and total contractile force in the same animal and to obtain 
average changes in each group of animals, the values for the contractile force and for the 
rates of contraction and relaxation were normalized about a value of the rate of initial con- 
traction. This was done by correcting all rates of initial contraction in all dogs to 2000 
grams/sec. at 37°C. All tensions and rates of contraction and relaxation were then multi- 
plied by the factor (example below) : 

2000 gms./sec. at 37°C. 
Observed Rate of Contraction at 37°C. 


Observed Values at 37°C. 


Initial Contractile Total Contractile Rate Contraction Rate Relaxation 
Force (gms.) Force (gms (gms./sec.) (gms. / sec 
Dog A 120 144.5 2780 2020 
Dog B 107.5 113.0 1990 1720 
Dog C 82.0 82.0 1235 1360 
Normalized Values at 37°C. 
Dog A 86.4 104.0 2000 1454 
Dog B 108.6 114.1 2000 1737 
Dog C 120.5 120.5 2000 2203 
2000 _ 2000 2000 = 


~~. = 0.72 Dog B = = 1.01 Dog C = 
2780 1990 , 


Corrections: Dog A = 
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Since it is the ratio of the changes in contractile force that is important in calculations of the 
Q10 and activation energy, these values were not influenced by the above conversion of data 
relating to contractile force. The normalization process merely permitted the assessment of 
changes in force and rates by the use of average values. 


RESULTS 
Terminology 


Isometric contraction and relaxation displayed four distinct phases for 
analysis as shown in Figure 1: (1) Initial contraction, characterized by a rapid 
and near maximal increase in tension. The time of initial contraction is desig- 
nated by AX, the initial contractile force by BX, and the maximum rate of 
initial contraction by the tangent to the maximum slope AB. (2) The contracted 
state, during which a further slow increase in tension may occur. The duration 
of the contracted state is designated by XY. The total contractile force is the 
tension at the termination of this phase, designated by CY. The “supercon- 
traction rate,” designating the maximum rate of increase in tension during this 
phase is the tangent to the slope BC. (3) Relaxation. The time required for 
isometric relaxation is indicated by YD and the maximum rate of relaxation 
by a tangent drawn in parallel to the steepest portion of the slope CD. The end 
of relaxation was determined by the point of inflection of the descending curve 
at or near the baseline. (4) Relaxed state, designated by DA. In all records 
time is constant at 1 mm. = 0.01 secs. 


Time Relationships in Sirain Gauge and Ventricular Pressure Recordings 

In six dogs ventricular pressures were recorded simultaneously with the 
ventricular isometric myograms. Figure 2 demonstrates that the time relation- 
ships of initial contraction and the duration of the contracted state are identical 
with the phases of isometric ventricular contraction and ventricular systolic 
ejection respectively. Although initial diastolic pressure levels are reached 
prior to complete isometric relaxation, relaxation rate changes are seen to be 
accompanied by parallel changes in the rate of decrease in the ventricular 
pressure. The close correspondence of the time relationships for total ventricular 
activity as recorded by the ventricular pressures and that of isometric contrac- 
tion and relaxation of segments of ventricular muscle in the intact animal 
justifies the analysis of the latter for an understanding of kinetic events in 
ventricular muscle as a whole. 


TYPICAL CURVE OF GONTRACTION AND RELAXATION 


AX= TIME OF INITIAL CONTRACTION (seconds) 
XY* DURATION OF CONTRACTED STATE (seconds) 
YO« RELAXATION TIME IN SECONDS 

XB* INITIAL CONTRACTILE FORCE (groms) 

YC* TOTAL CONTRACTILE FORCE (grams) I 
TANGENT OF MAXIMUM SLOPE AB* RATE OF CONTRACTION (gms/sec) [ 
TANGENT OF MAXIMUM SLOPE CD« RATE OF. RELAXATION (gms/sec) 
TANGENT OF MAXIMUM SLOPE BC*="SUPERCONTRACTION® RATE 




















Fic. 1. Typical curve of contraction and relaxation. 
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EFFECT OF TEMPERATURE UPON THE COMTRACTHE FORCE OF LEFT VENTRICULAR MUSCLE 
UTILIZING STRAIN GAUGE ARCH AND UPON LEFT VENTRICULAR PRESSURE 
svc oad arc 
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on 
Fic. 2. Time relationships in simultaneous strain gauge and ventricular pressure record- 
ings. Paper speed: 1 mm. = 0.01 seconds. 


Effect of Temperature and Thyroid Hormone on Metabolic Rate 


The rate of metabolism of the intact animal and of intact and isolated organs 
and tissues has been demonstrated to show a dependence upon temperature 
that is characteristic of chemical reactions in which there is electron transfer 
and a change in oxidation state. In accordance with van’t Hoff’s rule, the rate 
of such reactions generally increases two to threefold with a rise in temperature 
of 10°C., this change in the rate being customarily expressed by a Q10 of 2.0 
to 3.0 (18, 19, 20, 21). The temperature coefficient or Q10 expresses a general 
correlation with the activation energy values in relating a change in the num- 
ber of active molecules with an energy content great enough to react upon 
collision or to undergo a change in molecular configuration (22, 23, 24, 25). It 
should be noted that the activation energy values have been calculated from 
the data obtained for their general interest and are not meant to imply, in the 
pure sense, a particular reaction in a complex catenate of enzymatically 
catalyzed reactions. 

In the intact animal, variations in thyroid hormone concentration are recog- 
nized to cause, in general, parallel changes in both body and heart metabolic 
rates (26, 27). The magnitude of effect of thyroid hormones and temperature 
upon the rate of tissue metabolism should be manifested in parallel changes in 
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the kinetics of those phases of activity of ventricular heart muscle which are 
directly linked to chemical reactions in which bond energy or electron transfer 
is directly regulated by either thyroid hormone or temperature. In the figures 
below, Arrhenius plots of data show the physiological parameter during various 
phases of heart muscle kinetics, plotted on a logarithmic scale against the 
reciprocal of the absolute temperature. 


Initial and Total Contractile Force and Time 


Within each group of animals the total contractile force remained unchanged 
over the range of temperatures studied. The force of initial contraction (Figs. 
3a, 3b, and 3c) showed in general a small decrease with a lowering of tempera- 
ture in all groups. The Q10’s varied from 0.9 to 1.25 over the temperature range 
of 39° to 29°C. and from 1.10 to 1.48 between 39° to 24°C. 

Figures 4a, 4b, and 4c demonstrate that there was a small increase in the 
time required for initial contraction with a lowering of temperature, with Q10 
values varying from 1.09 to 1.38. (u = 2,600 to 6.040 calories/mole). 

In view of the major changes that are observed below in the duration of the 
contracted state, it is important to note that a near maximum increase in 
tension had occurred during initial contraction at all temperatures and that the 
prolongation of the contracted state of muscle did not represent a slowing of the 
process of initial contraction. 


Duration of the Contracted State 


In all groups of dogs, there was an exponential increase in the duration of the 
contracted state when related to the reciprocal of the absolute temperature 
(Fig. 5). The duration of the contracted state was significantly longer in the 
athyroid animals at any given temperature than in the euthyroid and thyroid 
fed animals. The differences in the duration of the contracted state of the 
euthyroid and thyroid fed animals were not significant in this series, although 
there was a slightly shorter duration of the contracted state in the thyroid fed 
group. The Q10 values for this phase varied from 2.7 to 3.11 (u = 18,390 to 
21,020 cal./mole). The significance of these values is the indication that an 
active transfer of chemical bond energy is essential to terminate contraction 
and initiate relaxation. 


Time Required for Relaxation 


The time required for relaxation was found (Figs. 4a, 4b, 4c, and Fig. 6) 
to vary with thyroid hormone concentration and temperature in the same 
qualitative manner as the duration of the contracted state. A similar expo- 
nential increase was found with a lowering of temperature. The Q10 values for 
relaxation varied from 3.09 to 3.40 (u = 20,860 to 22,100 cal./mole). The 
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Fics. 3a, 3b, 3c. Arrhenius plot of the relationship between initial and total contractile 
force in thyroid fed, euthyroid, and athyroid dogs over the temperature range of 39° to 
24°C. All figures include the mean and + one standard error of the mean. 


athyroid animals demonstrated the slowest rate of relaxation at any given 
temperature when contrasted to the euthyroid and thyroid fed animals. 


Oxygen Consumption and Heart Rate 


These Q10 values appear to indicate that the initiation and completion of 
relaxation is related to an active metabolic process. As such, a distinct relation- 
ship should exist between the kinetics of relaxation and the rate of oxidative 
metabolism. In agreement with data presented by other workers (18, 22, 23, 25) 
the oxygen consumption of all groups of animals demonstrated an exponential 
relationship when related to the reciprocal of the absolute temperature (Fig. 7). 
Q10 values for total metabolic rate varied from 2.07 to 2.39 and are typical of 
the effect of temperature upon the rate of oxidative metabolism found, not 
only for the whole body, but for isolated and intact organs and tissues (17, 19, 
20, 21). It should be noted that, at all temperatures, there was a significant 
difference between the oxygen consumption of the athyroid, euthyroid, and 
thyroid fed animals. Furthermore, if one compares Figures 5, 6, and 7, it will 
be noted that there is an inverse relationship between the oxygen consumption 
and either the duration of the contracted state or time required for relaxation. 
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Fics. 4a, 4b, 4c. Temperature dependence of the time requirement for initial contractile 
force and relaxation in thyroid fed, euthyroid, and athyroid dogs. 


The relationship of heart rate to temperature yielded Q10 values (Fig. 8) 
similar to those observed for oxygen consumption, although there was a de- 
parture from linearity over the range studied. 


Relation between Metabolic Rate and Duration of Contracted State and Relaxation 


It has been demonstrated that there are, in general, similar quantitative 
variations in myocardial oxygen utilization and in total body oxygen utiliza- 
tion associated with variations in temperature or thyroid concentration (26, 27 
28, 29, 30), although a departure from linearity has been noted (29). For this 
reason and for the general demonstration of the relationship of changes in the 
trate of oxidative metabolism of the body to the kinetics of contraction and 
relaxation of the heart, the metabolic rate of the animals at 37°C. was plotted 
on log scale as a function of the duration of the contracted state, or of the time 
required for relaxation, similarly plotted on a log scale (Figs. 9 and 10). In all 
groups of animals, an inverse exponential relationship could be shown to exist 
between these parameters. A decrease in the rate of metabolic activity and thus 
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of the rate of energy transfer resulted directly in a prolongation of the con- 
tracted state and a slowing of relaxation. The inverse exponential relationship 
thus demonstrated lends further significance to the high Q10 and activation energy 
values observed for the duration of the contracted state and for relaxation. 

To emphasize the above point, and to illustrate the characteristics of con- 
traction and relaxation at the extremes of metabolic activity, Figures 11 and 
12 are presented. Figure 11 illustrates the curves of contraction and relaxation 
at extremes of metabolic activity in the intact animal. Figure 12 presents, in 
idealized graph form, data obtained in 3 thyroid fed animals at a temperature 
of 40°C. as contrasted to 3 athyroid animals at 22°C. Both figures emphasize 
a) that the time of initial contraction is least affected by extremes of metabolic 
activity and b) that the conspicuous feature of low metabolic activity is an 
extreme prolongation of contraction and a slowing of relaxation. These curves 
illustrate that the energy of metabolism is not required to maintain the con- 
tracted state of muscle and that relaxation is slowed in parallel with a decrease 
in the rate of metabolic activity. 

Analyses of the right and left atrial mean pressures and, in some dogs, of the 
end diastolic right and left ventricular pressures revealed no significant change 
over the range of temperatures studied within each group of animals. The mean 
atrial pressures of the athyroid dogs were significantly higher than those of the 
euthyroid and thyroid fed group of dogs. This information, coupled with the 
above data, indicates that “vis a tergo”’ forces are of less consequence in filling 
of the ventricles during diastole. Rather, the rate and extent of relaxation and 
consequent filling by “vis a fronte” forces is indicated, these forces resulting 
primarily from active relaxation of ventricular heart muscle (31). 

Figures 13, 14a, 14b and 14c summarize the significant alterations in the 
kinetics of contraction and relaxation produced by variations in thyroid hor- 
mone concentration and/or by temperature. Again, it can be seen that at any 
temperature, initial contraction is least affected by variations in thyroid hor- 
mone concentration. The characteristic effects are primarily seen in the con- 
tracted state and relaxation. The rapidity of onset (termination of the con- 
traction) and completion of relaxation is the single kinetic feature of activity in 
ventricular heart muscle that reflects major variations in metabolic activity induced 
either by thyroid hormone activity or by temperature. 


Repolarization of Heart Muscle 


Variations in the duration of the S-T interval, recorded from an extremity 
lead, give an estimation of the effect of temperature and thyroid hormone 
concentration upon repolarization. The S-T interval was found to have a Q10 
of 2.3 to 2.48 over the range of 40°C. to 23°C. (Fig. 15). Repolarization of nerve 
and muscle and the exchange of Na+ and K+ against concentration gradients 
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Fic. 5. Effect of temperature upon duration of contracted state of ventricular heart 
muscle of thyroid fed, euthyroid, and athyroid dogs. 





in red blood cells, nerve, and muscle have been demonstrated to be active 
processes related to the rate of metabolic activity (32 to 30). The above Q10 
values for repolarization are in keeping with this fact. The differences in the 
rate of repolarization of the athyroid, euthyroid, and thyroid fed dogs were not 
consistently significant over the temperature range studied. The Q10 values 
for repolarization, though similarly high, differed consistently from those 
observed for relaxation. 


DISCUSSION 


Relaxation of heart and striated muscle has been regarded by some investi- 
gators as a passive process, produced by internal elastic or external extending 
forces. As such, the forces producing relaxation of ventricular heart muscle 
have not seemed sufficiently interesting to most investigators to warrant at- 
tention (3, 4, 5, 6, 41). 

It has been demonstrated that passive processes such as the diffusion of ions 
along concentration gradients, changes in viscosity or the rate of viscous 
flow, ionic interactions between oppositely charged ions or groups, and changes 





170 WILLIAM R. BREWSTER, JR. ET AL. 













Legend 
, = 
> mean |s.¢. of mean 
Temp. Range°c u 10 
Thyroid fed dogs 40°-24° 22,100Cal. 3.4 
Euthyroid dogs 40°-23° 20,680Cal 3.05 
Athyroid dogs 39°- 24° 20,860Col. 3.09 
a 1.00F 
S 7 } 
S ~ 
2 + 
% O.50F 
Athyroid dogs 
= r 
o a 
= 
_™ _ 
= 
S Thyroid fed dogs 
i 
q 0.10F 
x b 
x b 
~ r 
bw 4 
& 0.05 ” 
TEMP*°C 40° 38° 30° 25° 20° 
+ * + ’ ‘ 
1 “i 1 1 1 1 








00320 .00325 .00330 .00335 .00340 .00345 
//TEMP. ABS. 
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muscle of thyroid fed, euthyroid, and athyroid dogs. (Euthyroid dog values are omitted, be- 
cause they follow so closely those for the thyroid fed dogs.) 


in elastic behaviour, such as stress relaxation, have, in general, Q10 values 
between 1.1 to 1.3 over the temperature range of 40 to 20°C. (19, 32, 33, 34, 
35, 36, 37, 42, 43, 44). In general, the processes outlined have rarely been 
found to have Q10 values exceeding 2.0. The physical processes outlined above 
have correspondingly low activation energies, ranging in general between 2,000 
to 6,000 cal./mole. In contrast, active chemical reactions, implying electron or 
chemical bond energy transfer between atoms or molecules, in general, follow 
van’t Hoff’s rule with Q10 values of 2.0 to 3.0 and activation energy values 
which vary from 12,000 to 20,000 cal./mole. On the other hand, numerous 
examples of redox reactions with Q10 values of 1.3 to 1.4 and (u) values in the 
range of 2,000 to 6,000 cal./mole have been observed (22, 23). 

With the above in mind, the low Q10 values observed for the force/time 
impulse of contraction noted above do not eliminate the possibility of an 
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Fic. 7. Effect of temperature upon oxygen consumption of thyroid fed, euthyroid and 
athyroid dogs. 


enzymatically catalyzed chemical reaction as responsible for initial contraction. 
However, the Q10 values for the time, force, or rate of initial contraction are 
most characteristic of a physical process involving ionic interaction, diffusion, 
or viscous flow. The observed Q10s for contraction are thoroughly in keeping 
with the theories of Szent-Gyérgy, Morales, and Ramsey concerning the nature 
of ionic or entropic forces responsible for contraction of heart muscle (1, 2, 7, 
8, 10, 11, 12). Szent-Gyérgy has demonstrated that muscle in the relaxed state 
is regarded as essential for the high affinity of dissociated actin and myosin for 
both water dipoles and for univalent and divalent cations. Contraction from 
this point of view involves a depolarization and discharge of the proteins, loss 
of water, and precipitation or “superprecipitation” of actin and myosin. As 
such contraction would be in essence an entropic process involving an ionic 
interaction between oppositely charged groups of actin and myosin and possibly 
involving ATP adsorption as outlined both by Szent-Gyérgy and Morales. 
As such, the impulse of initial contraction should follow closely that of an ionic 
interaction and should be impeded by changes in the viscosity of water and 
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passive diffusion of ions along concentration gradients with retarded loss from 
the proteins at lowered temperatures. The slowing of initial contraction with a 
lowering of temperature, if precipitation of actin and myosin or an association 
of their side groups involves loss of water dipoles, should agree well with the 
experimental data presented above. Over the range of 40°C. to 30°C., the vis- 
cosity of water increases with a Q10 of 1.22. Between 30° to 20°C. the change in 
the viscosity of water has a Q10 of 1.25. 

In marked contrast, relaxation as a rate process was found to possess none 
of the kinetic characteristics expected of a passive process. The calculated Q10 
values for the duration of the contracted state and for relaxation do not fall 
in the range of passive processes, are characteristic of chemical reactions in- 
volving bond energy or electron transfer, and suggest that in order for relaxation 
to proceed, the average energy of the reacting molecules must equal or exceed 
the observed values of 18,720 to 22,100 cal./mole. These activation energies 
and Q10 values are in excellent agreement with such known active processes, 
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Fic. 9. Relationship between oxygen consumption, plotted on log scale (Ordinate), and 
the duration of the contracted state, similarly plotted on log scale (Abscissa). 
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Q10 such as Na+ efflux and K+ uptake against concentration gradients by nerve, 
fall muscle and red blood cells (32-40), renal tubular excretion of para amino hip- 
> I- purate (45, 46), and rate of metabolism and activity of intact and isolated tis- 
tion sues (18, 19, 20, 21). The inverse exponential relationship between the duration 
ceed of the contracted state or the rate of relaxation and the total rate of oxidative 
gies metabolism is a striking indication of the metabolically active nature of 


sses, relaxation. 
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THYROID FED DOG AT 40°C 
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( groms) 
Time of Initial] Contraction 0.045 sec. 0.13 sec. 
(second) 
Duration of Contracted state 0-05 sec. 0.93 sec. 
(second) 
Time of Relaxation (sec) 0.09 sec. 1-15 sec. 
Oxygen Consumption 2130 ce /m2/min. 15-3 ce/m2/min 
cce/m2/ min 


Fic. 11. Comparison of curves of isometric contraction and relaxation of ventricular heart 
muscle from thyroid fed dog at 40°C. and athyroid dog at 22°C. Paper speed: 1 mm. = 0.01 
seconds. (O, consumption of thyroid fed dog at 40°C. is 213.0 cc./M?/min.). 
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Fic. 12. Schematic comparison of times of contraction and relaxation in three thyroid fed 
dogs at 40°C and in three athyroid dogs at 22°C. Times obtained from means of data. 


There is an excellent correlation in principle between the results obtained 
above and the results obtained by Lambert, et al. (47) in a study of isometric 
contraction and relaxation of human striated muscle. Lambert and his associ- 
ates studied the Achilles tendon reflex in hyperthyroid, euthyroid, and in 
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Fic. 13. Recordings of contraction and relaxation in thyroid fed, athyroid, and euthyroid 
dogs at 37°, 32°, 27°, and 25°C. Paper speed 1 mm. = 0.01 seconds. 


athyroid individuals. They demonstrated that variations in thyroid activity 
resulted primarily in a prolongation of the contracted state and a slowing of 
relaxation. They found, in agreement with our results, that there was a correla- 
tion between the basal metabolic rate and the rate of relaxation, the lowest 
BMR being associated with the slowest rate of relaxation. It was noted that the 
stimulus-depolarization time, depolarization-contraction time, (and from their 
curve) the time of initial contraction did not vary as a function of the metabolic 
rate. Studies of the effect of lowered extremity temperature similarly were 
shown to prolong the duration of the contracted state and slow relaxation. We 
have carried out studies in the frog and dog gastrocnemius that corroborate 
their results. 

The results appear to justify the concepts relating relaxation to an increase 
in the potential energy of the contractile protein system with dissociation or 
elongation of actin and myosin resulting from Coulomb repulsive forces at 
charged points of the protein molecules. From a thermodynamic analysis 
Szent-Gyérgy and Varga (7, 8) indicated that actin and moysin were extended 
and dissociated by chemical bond energy or electron transfer. Our results 
agree well with this approach. 

The active nature of relaxation noted above receives further support from 
the following observations: 

1. Active extension of the single muscle fiber has been demonstrated (48), 
as well as ventricular suction in amphibian and mammalian hearts (31, 49). 

2. The rate and extent of relaxation are not passive constants but are funda- 
mentally affected by drugs altering the “contractility” of heart muscle. It has 
been demonstrated that drugs or hormones exerting a positive inotropic effect 
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increase rate and extent of relaxation, thereby decreasing the impedance to 
ventricular filling (31, 50, 51, 52). Drugs or hormones with a negative inotropic 
effect decrease the rate and extent of relaxation and increase filling impedance. 
Similar data have been obtained by Rushmer (53, 54) who found ventricular 
diameter and circumference during relaxation to be increased by epinephrine 
and norepinephrine and decreased by a barbiturate. 

3. Fatigue and ischemia have been demonstrated to profoundly slow relaxa- 
tion and to result in incomplete relaxation (2, 55). 


4. Under circumstances where there is a profound influence upon rates of 
phosphorylation and electron transport there is a slowing of relaxation coupled 
with an increase in the tension developed by contracting muscle. Edwards 
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Fics. 14a, 14b, 14c. Schematic comparison of times of contraction, the contracted state, 
and relaxation of thyroid fed, athyroid, and euthyroid dogs at 37°, 32°, and 27°C. Times ob- 
tained from means of data. 
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Fic. 15. Effect of temperature upon duration of S-T interval of thyroid fed, athyroid, 
and euthyroid dogs. 
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and Brown (56) demonstrated that at pressures of 2,000 to 6,000 P.S.I. the 
isolated turtle auricle showed an increase in contractile tension and a slowing 
of the rate of relaxation, the rate of contraction being unaffected. Separately, 
Deuticke and Harren (57) demonstrated that, in pressed muscle juice, the rate 
of phosphorylation, dephosphorylation, and redox reaction are slowed at pres- 
sures of 800 atmospheres. 

5. Jobsis and Chance (58) have demonstrated, including calculations of the 
time of diffusion of ADP from unfavorable sites, that no release of ADP can be 
detected until contraction is 80 per cent completed. They demonstrated simul- 
taneously that electron transport in the cytochrome chain commenced late in 
contraction and continued through relaxation. The close coincidence of possible 
ATP hydrolysis and electron transport with events occurring at the termina- 
tion of contraction is of extreme interest in relation to our demonstration that 
the duration of the contracted state and the rate of relaxation are linked with 
temperature changes with kinetic characteristic expected of ATP hydrolysis 
and associated electron transport. Further work is necessary along this line. 
This relationship is supported by the observations of Guthe (59) that the activa- 
tion energy for hydrolysis of ATP by Myosin B in an isolated septum is approxi- 
mately 31,000 cal./mole. 

6. The prolongation of the contracted state and the slowing of relaxation 
showed in data above with a lowering of temperature are in agreement with the 
work of Berne (60) and of Reissmann and Kapoor (61). 

Furthermore, Starling’s law of the heart, which has stated that the release of 
mechanical energy by muscle in systole is related to the diastolic fiber length, has 
for years indicated that the release of energy by the system is a function of the 
potential energy stored in the system. This potential energy definitely has two 
components: a metabolic and a physical. Szent-Gyérgy (7) has indicated that 
the filling pressure or extending force of either increased fiber lengths or initial 
tension may be stored in muscle as chemical potential energy. The work out- 
lined above in no way negates Starling’s original concept, but adds information 
to the effect that the filling pressure of the heart during the relaxation phase 
plays a complementary role to chemical bond energy or electron transfer in 
determining the potential energy available for contraction or work. 


SUMMARY AND CONCLUSIONS 


The kinetics of isometric contraction and relaxation have been observed in 
intact athyroid, euthyroid, and thyroid fed dogs utilizing Walton strain gauge 
arches sutured to segments of right or left ventricular heart muscle. The ani- 
mal’s heart and body temperatures were varied from 42°C. to 17°C. Isometric 
contraction and relaxation of muscle displayed four distinct phases for analysis: 
(1) Initial contraction characterized by a rapid and near maximal increase in 
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tension (2) Contracted state during which a further slow increase in tension 
may occur (3) Relaxation (4) Relaxed state. The temperature coefficients 
(Q10) and Arrhenius activation energy (u) values were calculated for the dura- 
tion and tension of the above states, for the S-T repolarization interval, for the 
heart rate, and for the basal metabolic rate or oxygen consumption. The Q10 
values for the duration of the phase of initial contraction and for the tension 
developed varied from 1.09 to 1.38 (u values of 2,600 calories to 6,040 calories 
per mole). In contrast, the duration of the contracted state and the time re- 
quired for isometric relaxation had Q10 values varying from 2.7 to 3.4 (u values 
of 18,390 to 22,100 cal./mole). An inverse, exponential relationship existed 
between the metabolic rate and the duration of the contracted state or the time 
required for relaxation. Contraction possesses the characteristics of a physical 
process involving ionic interaction, diffusion, or viscous flow. Relaxation has 
the kinetic characteristics of an enzymatic reaction associated with and de- 
pendent upon chemical bond energy or electron transfer. Relaxation of ven- 
tricular heart muscle thus has the characteristics of an active metabolic process, 
its rate related directly to thyroid hormone concentration and temperature. 


The authors wish to express their sincere appreciation for the assistance and advice of Mr. 
Oliver Brodie, Medical College of South Carolina, Charleston, S. C.; Dr. Leon Goldberg, 
Massachusetts General Hospital; Mrs. Harriet B. Brewster and Mr. Willis D. Lowe, Massa- 
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HYPER-IMMUNIZATION OF MAN! 
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Department of Medicine, The Johns Hopkins University School of Medicine and Hospital 


Received for publication June 20, 1958 


Repeated immunization of man with antigenic materials from a variety of 
pathogenic microorganisms has become an accepted measure to prevent in- 
fection. Such immunization can produce hypersensitivity to microbial antigens, 
and reinoculation of antigen or vaccine into the hypersensitive person may 
elicit acute local and systemic reactions of varying severity. Few other un- 
toward effects from repeated immunization of man, however, have been clearly 
defined. 

Intensive immunization of experimental animals has been shown (1-20) to 
produce delayed adverse consequences, i.e. amyloid deposition, arteritis, etc., 
but similar observations have not been conclusively reported in the human 
being, possibly related to the fact that far greater quantities of antigen are 
given to the experimental animal than would ordinarily be given to man. 

We have had an opportunity to study a number of men who have been im- 
munized prophylactically with a variety of bacterial, rickettsial, and viral 
antigens because of their employment in laboratories investigating pathogenic 
microorganisms. These men had received immunizations far in excess of that 
usually administered. To evaluate the effect of hyper-immunization in man 
these subjects were studied, and the results of clinical and laboratory examina- 
tion are presented. 


MATERIAL AND METHODS 


A group of 99 Caucasian males between the ages of 28 and 65 years (Table I-A) was 
studied. 

Diseases against which the personnel were immunized included botulism, brucellosis, 
tularemia, anthrax, diphtheria, Rocky Mountain spotted fever, Q fever, plague, typhus, 
psittacosis, smallpox, Eastern, Western, and Venezuelan equine encephalitis. The antigens 
used for immunization varied considerably in type, method of preparation, and concentra- 
tion, so that a complete listing here is not practical. They have, however, been described 
elsewhere (21-27)?, and consisted of killed bacterial vaccines, purified bacterial fractions, 
toxoids, and chicken egg prepared virus vaccines. The duration of the immunization period 
varied from 8 to 13 years during the time from 1944 to 1956 (Table I-B). The total amount of 
all antigens administered to the men (Table I-C) ranged from 35.8 to 74.4 ml., and varied in 





1 Supported by contract DA-18-064-404-CML-100 with the Army Chemical Corps, Fort 
Detrick, Maryland. 

? Rocky Mountain spotted fever, Q fever, and Typhus vaccines, Lederle Laboratories, 
New York, N. Y. Plague vaccine, Cutter Laboratories, Berkeley, Cal. Smallpox vaccine, 
Parke, Davis and Co., Detroit, Mich. 
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TABLE I 
Basic Data 





A. Age 


Range: 28 to 65 years 


Mean: 40.1 years 
Distribution: 


age (yrs.) 
28-30 
31-35 
36-40 
41-45 
46-50 
51-55 
56-60 
61-65 


Distribution: 
(no. subjects) time (yrs.) no. subjects 
+ 8 5 
27 9 21 
26 10 17 
20 11 43 
9 12 9 
7 13 4 
3 ou» 
3 Total 99 
Total 99 
D. Skin Tests 


C. Antigen Dose 


Range: 35. to 74. ml. 


Mean: 52.8 ml. Mean: 20.1 per subject 
Distribution: Distribution: 

ml. antigen no. subjects tests per subject no. subjects 
35-40 6 6-10 5 
41-45 20 11-15 25 
46-50 21 16-20 22 
51-55 15 21-25 26 
56-60 19 26-30 16 
61-65 12 31-35 + 
66-70 5 36-40 0 
71-75 1 41-45 1 

Total 99 Total 99 


B. Duration of Immunization 


Range: 8 to 13 years 
Mean: 10.4 years 


Range: 9 to 44 per subject 


E. Immunization Reactions 


Range: 0 to 16 per subject 
Mean: 2.8 per subject 


Distribution: 

reactions per subject no. subjects 

0 18 

1-5 68 

6-10 10 

11-15 2 

16 1 

Total 99 





each case with the duration of the immunization period. All subjects received immunization 
with antigens of botulism, tularemia, Rocky Mountain spotted fever, Q fever, typhus, 
plague, psittacosis, and the viral encephalitides. Thirty-seven were immunized against 
brucellosis, 95 against smallpox, 25 (all of whom had initially positive Schick tests) against 
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Fic. 1. Normal serum electrophoretic pattern demonstrating method of determining per 
cent of each protein fraction from electrophoretic curve integrated according to the area 
under each peak. “‘276” is representative of the area under the curve. Each protein fraction is 
expressed in per cent of total protein. 


diphtheria, and 28 against anthrax. With each antigen, an initial series of immunizing in- 
jections was given, followed by “booster” injections every 6 to 12 months. In addition, 
subjects underwent frequent skin testing with the antigens of tuberculosis (Purified Protein 
Derivative), diphtheria (Schick and Maloney), brucellosis (Brucellergin), tularemia (Fo- 
shay), histoplasmosis, blastomycosis, coccidioidomycosis and glanders (28). The average 
subject received about 20 such skin tests during the period of immunization (Table I-D). 
Reactions were frequent, ranging from none to 16 per subject (Table I-E). Serological titers 
to tularemia (agglutination) were performed frequently on all subjects. Titers to brucellosis 
(agglutination), Rocky Mountain spotted fever (complement fixation) (CF), Q fever 
(CF), typhus (CF), and psittacosis (CF) were performed less frequently and were not 
analyzed for this reason. 

Ninety-three of the 99 men were evaluated by complete medical history and physical 
examination. In addition, each person’s out-patient and hospital record for the period of 





’ Tularemia—1 : 1000 dilution of Foshay vaccine; Purified Protein Derivative Tuberculin, 
and Brucellergin, Sharpe and Dohme, Philadelphia, Pa., Histoplasmin and Blastomycin, 
Parke, Davis and Co., Detroit, Mich., Coccidioidin and Diphtheria toxin, Cutter Labo- 
tatories, Berkeley, Cal. 
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Fic. 2. Distribution curve of highest tularemia agglutinin titer obtained in the hyper- 
immunized persons. 
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immunization was reviewed. Since the subjects were followed in one clinic, reliable records of 
all illnesses occurring during the period of immunization were obtained. 

Eighty-nine of the 99 men were evaluated by the following clinical laboratory tests: 
electrocardiogram, chest x-ray, hematocrit (Wintrobe), total and differential leukocyte 
counts, blood urea nitrogen (BUN), 2-hour phenolsulphthalein excretion (PSP), blood 
cholesterol, serum alkaline phosphatase activity (Bodansky units), total serum protein 
(TSP), serum albumin-globulin ratio, serum cephalin-cholesterol flocculation, serum thymol 
turbidity, and bromsulphalein (BSP) retention 45 minutes after intravenous injection of 
5 mg. per kg. of the dye. 

Serum for paper electrophoresis was obtained by centrifugation of venous blood after 
clotting and stored at 4°C. Duplicate specimens of 0.01 ml. of each serum were subjected to 
electrophoresis for 16 hours at 10 ma. in a Spinco Durrum-type electrophoresis cell (29) on 
3 by 32 cm. Whatmann No. 3 filter paper strips, using 0.075 M veronal-veronal buffer at 
pH 8.6. After electrophoresis, the protein was coagulated and fixed to the paper by heating 
in an oven at 120°C. for 30 minutes. The protein was stained by immersing the paper strip 
for 8 hours in a solution containing 0.01 per cent bromphenol blue and 3.1 per cent zinc 
sulfate. The strips were then washed twice for 6 minutes in 5 per cent acetic acid, and fixed 
for 6 minutes in a 0.9 per cent solution of sodium acetate in 5 per cent acetic acid. After 
drying for 20 minutes at 120°C., the strips were exposed for 2 minutes to ammonia vapor. 
The stained strips were scanned photo-electrically in a Spinco model R Analytrol for direct 
writing of the electrophoretic curve and automatic integration to determine the area repre- 
sentative of each of the 5 major protein components. Figure 1 shows a normal electrophoretic 
pattern with intersects drawn at the lowest point between each protein fraction. The area of 
the curve between the intersects was used in calculating the per cent of each protein con- 
stituent. 

The total nitrogen of each serum sample was measured in duplicate by the micro-K jeldahl 
method. Total serum nitrogen rather than total serum protein nitrogen was estimated. This 





* Beckman Instruments Inc., Belmont, Cal. 
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choice was made because of the relative simplicity of total serum nitrogen determinations and 
all subjects had normal serum non-protein nitrogen levels. The fraction of total serum 
nitrogen represented by non-protein substances was negligible. Quantitative determination of 
albumin and alpha-1, alpha-2, beta, and gamma globulin expressed in mg. nitrogen per ml. of 
serum, was calculated from the fraction per cent obtained from electrophoresis and the total 
serum nitrogen. The nitrogen value for each protein component was used for statistical 
analysis. 


TABLE II 
History of Iliness 





A. Probably Occupational 





eds con eins caso ewdbund used bedacdeld 1 
pe ee eT eR mE A oe 1 
tigre balaiskcadacaiineenseddea sae acinesk teks 1 
NS i ccc saiuctnns date padea teed abate neese 9 
B. Not Occupational 
eR ae ee ee ee er 10 
Ns i ionb. td dd ainda per aeata hinnaar a tae keR oe aaos aera 10 
EE eee re 4 
Ms orc 0 de 'svewdeess a 
Glomerulonephritis............. 1 
ee ree 1 
Allergy (hay fever, asthma, drug reactions).................. 9 
INS ons Covdedebiiahab pan dedascasedevenxe wt 7 
ING X0 c0¥a Db CUES ase sn APE adele kad bw «Maan de 5 
ik Pa shicecga tk acleed sear AGE d 9 sil dint wi cso aki ine a 5 
PE , ccatcutcatsdtonbeysEosksato aia edaseseer cs 4 
Coronary occlusion and/or angina pectoris................... 4 
DS ss ieadebsedbndcdsueekscsdueve 3 
ie cis ie ew hae wae a anaeadd aes 2 
IS os 90. o:5 os sud eewee ue waeertsedwewcee ane 2 
Se iod neh eaadenndenedcb bied Peewee kg eeTe 1 
tee Maire ets ss hs acckcvkensdbanwaeeneedes 1 
I Rte ees tec Vinee vaes apevinodedSwaGaeww ele 1 
Cushing’s syndrome (probable)...................20eeeeeee: 1 
EE ee ee ee ee 1 
Leriche syndrome (occlusive arterial disease)................. 1 
TABLE III 


Differential Leukocyte Count 
1. Lymphocytosis (> 36 per cent) 


per cent no. subjects 
36-40 25 
41-44 16 
45-50 2 
51-55 2 
56-60 3 
61-65 1 





Total 49 
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For comparative analysis, the sera of 44 normal medical students, house-officers, nurses, 
and laboratory personnel, ages 18 to 50 years, were studied by electrophoresis in the same 
way as the sera from the hyper-immunized subjects. The control group selected was, in many 
aspects, not an adequate control for the experimental group. We were not able, however, to 
assemble a group of identical age, sex, and occupational exposure who had not received in- 
tensive immunization. 


RESULTS 


Serological Titers: Figure 2 shows a distribution curve of the highest 
tularemia titer obtained on each immunized subject during the period of study, 
No one failed to develop a rise in titer during his series of injections. When 
the serologic titers of the group were compared with those of persons of com- 
parable age and duration of immunization who were immunized against tula- 
remia only, there appeared to be no difference in the distribution of titers 
obtained in the two groups. This suggests that administration of multiple im- 
munizing agents probably did not interfere with development of an adequate 
antibody response to this antigen. 

Clinical Evaluation: As a group the men were not ill. Of the 93 patients 
queried, 55 had some illness in the past which might possibly alter one or 
more of the laboratory tests used in the study. These illnesses probably ap- 
peared no more frequently than might be expected in other individuals of 
comparable age, sex, and employment. There were a few instances of occupa- 
tional infection. One patient had recovered from pulmonary tularemia, one 
may have had brucellosis, and another man had recovered from Q fever. Nine 
patients had short febrile illnesses of undetermined etiology without evidence 
of occupational disease and were diagnosed as having upper respiratory in- 
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Fic. 3. Distribution of total serum nitrogen levels in 99 hyper-immunized men (99 sera) 
and 44 normal persons (44 sera), determined by electrophoresis. 








fectic 
attril 
bility 
were 
these 
in th 


pho 








er, to 


ents 
e or 
- ap- 
is of 
upa- 
one 
Nine 
ence 
y in- 


sera) 








HYPER-IMMUNIZATION OF MAN 189 


fection. No illness was detected by anamnesis which might have been directly 
attributable to immunization. It is impossible, of course, to eliminate the possi- 
bility that some of these men had sub-clinical occupational illnesses. There 
were 5 instances in which an unexpected rise in tularemia titer occurred, and 
these were diagnosed as “serological tularemia”. There were no similar rises 
in the serological titers for other diseases to which these men were exposed. 
One can assume, therefore, that the occurrence of such sub-clinical infection 
was probably uncommon. 

The occurrence of hypertension and valvular murmurs among the im- 
munized group was no different than that expected in any other population. 
Hepatomegaly was probably accounted for in 2 patients by a recent history of 
tularemia and brucellosis, respectively. In 5 other subjects there was no ready 
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Fic. 4. Distribution of serum albumin levels, expressed as per cent of total protein and as 
mg. nitrogen, in 99 hyper-immunized men and 44 normal persons, determined by electro- 
phoresis. 


190 PEELER, CLUFF AND TREVER 


explanation for enlargement of the liver. Alcoholism was not diagnosed in any 
of the individuals. Macroglossia was detected in one patient. 

Clinical Laboratory Evaluation: The hematocrit was determined in 91 sub- 
jects and the only abnormality was polycythemia in a patient with probable 
Cushing’s syndrome. Twenty of the men examined had leukocytosis (10-16,000 
per ml.), and 2 had leukopenia (44900 per ml.). Three subjects had a blood 
monocyte count in excess of 10 per cent. Seventeen patients had eosinophilia. 
In three of these there was a history of an allergic disorder such as hay fever. 
Forty-nine men had lymphocytosis (Table III). Of these, 7 had a history of 
an allergic illness, 4 of arthritis, three of non-specific febrile illnesses in the 
remote past, 3 of serological tularemia, one of clinical tularemia, and one each 
of Q fever, paratyphoid fever, and long standing myalgia of undetermined 
etiology. With the exception of one instance of serologic tularemia, the allergic 
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Fic. 5. Distribution of serum alpha-1 globulin levels, expressed as per cent of total protein 
and as mg. nitrogen, in 99 hyper-immunized men and 44 normal persons, determined by 
electrophoresis. 
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disorders and the chronic myalgia, all of these illnesses had occurred many 
months prior to the laboratory evaluation. It is unlikely that such remote 
illnesses could have had an effect upon the lymphocyte count at the time of the 
study. 

Chest x-ray showed a few abnormalities among 89 men examined, including 
punctate calcification in 2, pleural thickening in one and hilar adenopathy in 
another. These abnormalities seemed to bear no relationship to immunization. 

Proteinuria of varying degree was detected in about one-third of the patients 
but in only 2 subjects was this greater than one-plus, and probably could be 
explained by the presence of hypertension, history of glomerulonephritis, 
arteriosclerotic disease, or may have been accounted for on a functional basis. 
There was no reduction in phenolsulphthalein excretion which could not be 
readily explained. 
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Fic. 6. Distribution of serum alpha-2 globulin levels, expressed as per cent of total protein 
and mg. nitrogen, in 99 hyper-immunized men and 44 normal persons, determined by elec- 
trophoresis. 
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In no patient was the blood cholesterol or alkaline phosphatase level sig- 
nificantly abnormal. Twenty-six men had a positive serum cephalin-flocculation 
test (1 or 2 plus) which was unexplained. In 7 persons the serum thymol 
turbidity was above 5 units (5-11) for an unexplained reason, and, 7 patients 
had a slightly impaired bromsulfalein excretion (5-10 per cent). The total 
serum proteins (grams per cent) and albumin-globulin ratios were not par- 
ticularly abnormal in any individual. 

In all, 53 subjects were found to have one or more abnormalities of liver 
function test. Excluded from this number are 25 persons with a past history 
of either allergy, arthritis, non-specific fever, tularemia, possible brucellosis, 
rheumatic heart disease, Q fever, probable Cushing’s syndrome, osteomyelitis, 
or undiagnosed myalgia, all of whom had at least one abnormality of these 
laboratory tests. 
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Fic. 7. Distribution of serum beta globulin levels, expressed as per cent of total protein 
and mg. nitrogen, in 99 hyper-immunized men and 44 normal persons, determined by elec- 
trophoresis. 
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An abnormal electrocardiogram seen in 4 patients was compatible with 
a history of coronary occlusion, rheumatic heart disease or hypertension. One 
unexplained right bundle branch block was found. 

Serum Electrophoretic Studies: The mean total serum nitrogen and al- 
bumin nitrogen for the immunized group, estimated by electrophoresis, was 
significantly higher than that of the control group. There was no significant 
difference between the means of any of the other protein fractions in the test 
and control groups. Distribution curves for the various protein fraction values, 
calculated as per cent of the total and mg. nitrogen, are plotted in Figures 
3-7. A tabular analysis is presented in Table IV. Gamma, alpha-1, alpha-2, 
and beta globulins were not significantly different in the immunized and control 
groups. The distribution curves of albumin and total serum nitrogen in the 
immunized group, however, were skewed toward the high levels. Eight subjects 
had total serum nitrogen values significantly higher than normal which could 
not be explained by any underlying disease. Similarly, 4 subjects had elevated 
total serum albumin. These 2 abnormalities occurred concurrently in 2 subjects. 

There was one type of distinct qualitative abnormality of electrophoretic 
pattern which occurred frequently in the immunized subjects. Twenty-three of 
the 99 patients had serum electrophoretic patterns with a marked disturbance 
in the alpha-2 globulin region with poor separation of the alpha-2 and beta 
globulin fractions. This abnormality is illustrated in Figure 9. Although this 
pattern occurred in the hyper-immunized group with a frequency of 23 per 











TABLE IV 
Statistical Analysis of Serum Electrophoretic Fractions 
mg. Nitrogen/ml. serum | Per cent, total protein 
Fraction Group 
Range | Mean | +2SD | SD Range | Mean | +2SD| SD 
| } } 

Gamma Globu-| Control 1.6-3.4 | +1.05) 0.52 | 14.1-26.1 20.2 | 43.72) 3.36 
lin Test 1 11.2-27.0 | 17.7 | 45.12) 2.56 


Beta Globulin | Control 1.2-2. 1.9 | 40.84) 0.42 
1.1 


2.8 | 10.1-19.9 | 15.2 | £5.64) 2.82 
Test 1-3.0 | 2.0| +£0.69] 0.34 4.9 


4.54) 2.27 
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Alpha-2 Glo- | Control | 0.6-1.9 | 1.3 | +£0.64) 0.32 | 5.3-15.8 | 10.1 | +£4.54) 2.27 
bulin Test 0.7-2.3 | 1.4 | +0.59| 0.30 | 5.5-15.6 | 10.2 | +4.04| 2.02 
Alpha-1 Glo- | Control | 0.27-0.68 | 0.47| +£0.20] 0.10| 2.44.9 | 3.8 | +1.49| 0.75 
bulin Test 0.28-0.73 | 0.49} +0.17| 0.09 | 2.1-5.6 | 3.7 | +1.45| 0.73 
Albumin Control | 5.3-7.9 | 6.3 | +£1.27] 0.64 | 40.4-59.1 | 50.9 | +£9.90) 4.85 
Test | 5.49.9 | 7.1 | +1.65| 0.83 | 45.3-63.7 | 53.6 | 413.2) 6.61 
| | | | | 
Tot. Serum N | Control | 10.3-14.6 | 12.5 | +2.06| 1.03 — | — — — 
Test | 10.2-16.5 | 13.3 | £2.34) 1.17 | | 
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Fic. 8. Distribution of serum gamma globulin levels, expressed as per cent of total protein 
and mg. nitrogen, in 99 hyper-immunized men and 44 normal persons, determined by elec- 
trophoresis. 


cent, it was not seen at all in the control series. Of the 23 patients with this 
electrophoretic abnormality, 19 were available for clinical study. The ages, 
duration of immunizations, number of skin tests, and frequency of immuniza- 
tion reactions in this group were identical to those of the immunized group as 
a whole as well as to the 76 subjects with normal electrophoretic patterns. 
There seemed to be no relation between the occurrence of this abnormality 
and the amount of any one antigen administered. When one compares the 
incidence of the various unexplained laboratory abnormalities in this group 
with those in the remainder of the immunized men, several differences are 
apparent. In the group with abnormal electrophoretic patterns, the incidence 
of hepatomegaly, lymphocytosis, proteinuria, and positive serum cephalin- 
flocculation are considerably higher. Of these 23 individuals, 3 gave histories 
of probable occupational infection (tularemia, brucellosis, fever of unknown 
origin) 7 others had arthritis, hay fever, osteomyelitis, or rheumatic heart 
disease. 
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Fic. 9. Abnormal serum electrophoretic pattern observed in 23 per cent of hyper-im 
munized men, showing poor separation of alpha-2 and beta globulin. 


DISCUSSION 

In this study of hyper-immunized men, we have found no instance of illness 
which might be attributed to immunization; nor was there any suggestion of 
interference with serological response to antigenic stimulus. 

The electrophoretic abnormality appears to be the most striking deviation 
from normal found in these intensively immunized persons. This was char- 
acterized by poor separation of the alpha-2 and beta globulin. Similar ab 
normalities of electrophoretic pattern have been reported to occur in several 
situations, including the nephrotic syndrome (29-32, 37, 38), disseminated 
lupus erythematosus (33), and amyloidosis (34-36). Mackay and Volweiler 
(37) have reported a patient with supposed Kimmelstiel-Wilson syndrome 
who also had poor separation of alpha-2 and beta globulin on serum electro- 
phoresis. Kuhns (38) has shown that 9 to 19 days following a ‘“‘booster”’ in- 
jection of diphtheria toxoid, several patients with high ‘‘skin-sensitizing”’ 
antibody titers demonstrated this same peculiar merging of the alpha-2 and 
beta globulin. He also found this pattern in one patient with eosinophilia 
following a penicillin injection and in another with pollen hay fever. 

In our series of 44 normal persons the abnormality of electrophoretic pattern 
was not observed. We did not see a similar abnormality in the patterns of an 
additional 100 normal persons (medical students) kindly lent to us by Dr. 
Gerald Klatskin.® In reviewing 1000 serum electrophoretic patterns done 
consecutively on hospitalized patients (Dr. Gerald Klatskin), we found 6 


patterns which showed some merging of alpha-2 and beta globulins. These 


’ Yale University School of Medicine, New Haven Hospital, New Haven, Conn. 
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patients had the following diagnoses: multiple myeloma, probable de 
myelinizing disease of the brain-stem, pneumococcal pneumonia with septi- 
cemia, rheumatoid arthritis, and hypertension, exfoliative dermatitis, and 
cholelithiasis, diverticulosis, and osteoarthritis. 

In view of the low incidence of the serum electrophoretic abnormality in 
normal subjects (0 per cent) and in hospitalized patients (0.6 per cent), and 
in view of the high incidence of this abnormality in the hyper-immunized men 
it seems reasonable to conclude that the protein abnormality may be related 
to the intensive immunization. 

The high incidence of lymphocytosis among the hyper-immunized men 
(54 per cent), and particularly in those persons with abnormal serum electro- 
phoretic patterns (68 per cent), cannot be explained by any of the clinical ob- 
servations. The possibility that the immunizations might be responsible for 
this finding appears likely. Intense antigenic challenge may cause lymphatic 
hyperplasia and could explain the leukocyte abnormality, but the significance 
of lymphocytosis in this circumstance is not clear. 

Some abnormality of liver “function” tests was present by laboratory ex- 
amination in over half (59.5 per cent) of the 89 men studied. Only the ab- 
normalities of serum cephalin-flocculation, total serum nitrogen and serum 
albumin nitrogen seem of possible significance. The occurrence of similar 
abnormalities among normal subjects, however, makes it impossible to interpret 
these findings in the immunized patients. 

Two findings in the hyper-immunized patients, are not explained on any 
common basis other than the intense immunization which they received. 
These include: (1) a peculiar abnormality of the electrophoretic pattern and 
(2) a striking incidence of lymphocytosis. Most important, however, remains 
the fact that the subjects in the present study are clinically well and show no 
evidence of interference with immunological response. These 2 abnormalities 
could not be correlated with the dosage of any one antigen, number of skin 
tests received, or occurrence and severity of reaction to the various injections. 

The importance of the serum electrophoretic pattern abnormality associated 
with immunization cannot be readily interpreted. It seems, however, that this 
protein change could be indicative of an untoward effect of hyperimmuniza- 
tion. The possibility that amyloid deposition might be induced by intense 
immunization is suggested by the observations in experimental animals, 
wherein amyloidosis occurs following hyper-immunization (1-19). Over an 
8 to 13 year period, however, there is as yet no conclusive evidence that 
amyloidosis or other organic disease has been induced by repeated inocula- 
tion of large doses of antigen in the men studied here. 

SUMMARY 


The results of clinical and laboratory studies of 99 adult men who were in- 


tensively immunized have been presented. Although the group was, on the 
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whole, well, two findings could probably be attributed to hyper-immunization. 


These abnormalities include: (1) an abnormal serum electrophoretic pattern 
and (2) a high incidence of lymphocytosis. Although this is not conclusive 


evidence of deleterious influence of hyper-immunization in man, the possi- 
bility that intensive antigenic stimulation might be associated with untoward 
effects is considered. 
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A SIMPLIFIED EXPLANATION OF THE THEORY OF INDICATOR. 
DILUTION FOR MEASUREMENT OF FLUID FLOW AND 
VOLUME AND OTHER DISTRIBUTIVE PHENOMENA' 
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Principles underlying indicator dilution methods for measuring fluid flow 
and volume have been considered in a number of reports, reviewed critically 
and clearly by Dow (1). Nevertheless, because the specialized language of some 
of the original reports has seemed to obscure their content for many readers, 
there still appears to be a need for review of these principles in terms that may 
be more easily understood. 

The approach offered is based on the development expressed formally by 
Meier and me (2) and the exposition employs devices that have proven useful 
in teaching for the past several years. On the basis of these devices some ex- 
tensions of the original principles will also be presented. 

In general, two techniques have been used to apply indicator dilution prin 
ciples. In one, indicator is introduced continuously at constant rate into the 
fluid system; in the other, indicator is introduced suddenly at a single shot. 
Later it will be shown that other techniques may offer certain advantages in 
particular settings. 

Consider first the case of constant injection of indicator in its simplest 
form, illustrated by the model in Figure 1. This is a beaker filled with water 
through which water flows from a reservoir at constant rate. To measure this 
constant rate of flow of water we add an indicator at a constant rate, | mg./min. 
An indicator is any quantifiable substance. We ask of it only that it does 
not change the characteristics of the fluid system and that it remain susceptible 
to complete quantitative recovery during the period of analysis. Ordinarily the 

' These studies were aided by a contract between the Office of Naval Research, Depart 
ment of the Navy, and The Johns Hopkins University (NR 101-241) and by grants-in-aid 
from the National Institutes of Health, Department of Health, Education, and Welfare 
(A-750) and the Muscular Dystrophy Associations of America, Inc. 

Reproduction in whole or in part is permitted for any purpose of the United States 
Government. 

Based on and extended from a talk to the Circulation Group during the meetings of the 
Federation of American Societies for Experimental Biology, April, 1956. Dr. Paul Meier 
thought of treating the concentration-time curve following injection of indicator as a fre- 
quency function of transit times, which is the heart of the analysis. Most of the other ideas 
in this report stem from discussion with him. Similar treatment was given subsequently and 
independently by Burger, van der Feer and Douma (5). 
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indicator is added in solution and it is assumed that the rate of introduction of 
indicator solution is negligible compared to the flow of the system. If it is not, 
we simply measure the total flow (fluid plus indicator solution) as described 
below and subtract from it the known rate of introduction of indicator solution, 
Returning to the model, we assume that inflowing indicator and water mix 
thoroughly at some point. The concentration of indicator mixed with water is 
measured in samples at the outflow from the beaker. The rate at which indicator 
leaves the beaker is the product of its concentration at outflow, C, and the 
flow of water, IF’. After a while all fluid initially present in the beaker is replaced 
by indicator-laden fluid. The concentration of indicator is then uniform 
throughout the beaker and equal to its output concentration, Cy.ax. When this 
occurs the overflow of indicator from the beaker exactly equals its rate of 
inflow, that is, 1 = Cysx X F, or flow = rate of constant injection divided 
by Cmax, the concentration defined further below. 

When the concentration of indicator in the outflow tube is plotted against 
time, as in Figure 2, concentration builds up to a maximum, Cynax, and remains 
there as long as flow is constant. When injection stops, indicator is washed 
out of the system and concentration falls to zero. 

Consider the shaded areas in Figure 2. Reversing the roles of indicator-laden 
fluid and indicator-free fluid we see that the washout curve is simply the inverse 
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Fic. 1. Simple example of measurement of flow by constant injection of indicator. See 
text. 
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Fic. 2. Concentration of indicator at outflow during and after constant injection. Injection 


starts at zero time and stops at arrow. Broken line is concentration of indicator at inflow 
See text. 
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of the buildup curve and, therefore, that the two shaded areas are equal. Since 
the eventual output concentration, Cyax (dashed line), is equal to the input 
concentration, C,,.x times the flow is the rate at which indicator is introduced 
into the system. The solid line represents the concentration at outflow as a 
function of time and this multiplied by flow is equal to the rate at which indi- 
cator leaves the system at time t. Thus flow XK (Cisx — C) is the rate at which 
the amount of indicator in the system increases at time t. The area above the 
build-up curve multiplied by flow is the total quantity, Q, of indicator con- 
tained in the system at the time equilibrium is established, that is, at the 
time the rate of entrance and rate of exit of indicator are equal. This quantity 
of indicator is distributed uniformly at concentration, C,..x, in some volume, V. 
Since concentration is mass divided by volume, the volume of the system, 
V = (area above the build-up curve) X F/Cwax. Later it will be shown that 
VY = (mean transit time) X F. If this is true then it will have to be shown 
that (area) /Ciax is also exactly the mean transit time, a term to be defined. 

In order to do this we will consider first the principles underlying the use of 
a single sudden injection of indicator. We will then show that the single-injec- 
tion and the constant-injection concentration-time curves are equivalent in 
the sense that one can be derived from the other and the temporal events of 
physiologic interest in the single-injection concentration-time curve are simul- 
taneous with those of the constant-injection curve. This identity was first de- 
scribed accurately by Hamilton and Remington (3). Further proof of the 
identity was supplied by Meier and me by starting with the proposition that 
the single-injection indicator-dilution curve is simply a frequency function of 
transit times that make up blood flow. 


\. INDICATOR CONCENTRATION AS A FREQUENCY FUNCTION OF TRANSIT TIMES 


Frequency functions may be described by the following example. Suppose 
we wish to know during how many days a year snow fell in Baltimore. On 
reviewing snowfall records for the past 12 years we find there were in each year 
3, 3, 4, 4, 4, 4, 5, 5, 5, 6, 6, and 7 days of snow, not necessarily in that order. 
To find the mean number of days of snowfall per year we can simply add up the 
12 numbers and divide by the number of years and the mean is 56/12, or about 
4.7 days. 

Alternatively we can display the data as shown in Figure 3. The abscissa is 
the observed number of days of snowfall in any year. The ordinate shows how 
often the same number of days of snowfall occurred among the sample of 12 
years, that is, it is the frequency with which an event occurred. In the example 
there are 12 years. The width of each square, At, is unity, the height of each 
square is assigned the number 1/12, the area of each square is therefore 1/12 
and the sum of the areas of all squares is 12/12 or unity, as it must always be 
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since the total area represents all the observations. The area of each column, 
or frequency times At, is multiplied by time, or the number of days of snowfall, 
and these products are summed. The answer is the mean, 56/12. The mean, 


then, is defined as the sum of all products of frequency multiplied by At multi 
plied by time. 


In Figure 4 is shown the same arrangement of squares as in Figure 3 but the 
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Fic. 4. Variation of concentration of indicator with time plotted as a frequency histogram. 


Distribution of transit times same as in Fig. 3 








ordi 
cury 
indi 
at t! 
the 
of ir 
indi 
mus 
kno 
con¢ 
T 
carr 
qual 
cur\ 
by < 
T 
mul 
thes 
bef 
and 
the 
at a 


1 
tion 
sing 
fam 
tra\ 
tob 
mo! 
tim 
vel 
in ¢ 


cate 








mn, 
fall, 
Pan, 
ilti 


the 


cram. 








INDICATOR-DILUTION THEORY 203 


ordinate has been multiplied by a constant. This is now the concentration-time 
curve resulting from single injection of indicator. At zero time a quantity of 
indicator is introduced into a vascular bed. After a while some indicator appears 
at the sampling site. If the indicator was well-mixed with total flow through 
the bed, then at any moment the total flow carries out of the bed an amount 
of indicator described by flow times concentration. Eventually all the injected 
indicator leaves the bed; that is, the sum of the columns multiplied by flow 
must equal the quantity of indicator injected, or flow can be measured as the 
known quantity of indicator injected divided by the area of the single-injection 
concentration-time curve. 

The fraction of injected indicator leaving the bed at any time is the quantity 
carried away at that time, or concentration multiplied by flow, divided by the 
quantity introduced. Therefore, to convert the observed concentration-time 
curve to a frequency distribution curve multiply the units on the ordinate scale 
by a constant, flow divided by quantity of indicator injected. 

To calculate the mean transit time from the concentration-time curve, 
multiply each concentration by the time interval and by its transit time, sum 
these products, 56, and divide by the area of the curve, 12, and the answer, as 
before, is 56/12. If each concentration were divided by the area of the curve 
and this number were multiplied by the time interval and by the transit time, 
the sum of these products is also the mean transit time because concentration 
at any time divided by the area of the curve is exactly the frequency. 

B. MEASUREMENT OF VOLUME FROM FLOW AND MEAN TRANSIT TIME 

The volume of the vascular bed can also be calculated from the single-injec- 
tion concentration-time curve. First consider that a vascular bed, whether a 
single chamber, a single vessel, or a network of many vessels, is described by a 
family of transit times, that is, by the various times required for blood to 
traverse it. In Figure 5 blood is represented as entering the bed from the left 
to be distributed over a number of different paths which finally merge to a com- 
mon outflow. Some blood particles move from entrance to exit in a shorter 
time than do others, either because their path length is shorter or their linear 
velocity is greater, or both. The numbers in Figure 5 indicate the transit time 
in seconds for a particle to move from entrance to exit along the path indi- 
cated and the numbers have been chosen to give the frequency distribution of 
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Fic. 5. Vascular bed as a family of transit times. See text 
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transit times used in Figures 3 and 4. At the moment the experiment is begun 
the system is already filled with blood and we wish to know its volume. The 
little square in the lower left hand corner of Figure 5 is the unit volume and 
there are 56 squares in the system. 

Indicator is injected at zero time in such a way as to tag all inflowing blood 
completely and uniformly. Tagged particles will have the same transit times 
as untagged particles already in the system. 

Figures 6 to 9 are a series of photographs of a three-dimensional model made 
of cubes. Black cubes represent indicator-tagged blood; white cubes are un- 
tagged blood. The axis coming toward the reader is experimental elapsed time. 
After injection of indicator at zero time, none appears during the first two 
seconds. During the third second 2/12 of the injected tag appears. This fact 
is shown by the height of the column on the Y-axis, which is multiplied by the 
frequency function, h(t); that is 2/12 of the total flow has a transit time of 
three seconds. During the fourth second, 4/12 of the injected particles appear. 
And so on, until all the injectate is accounted for. Figure 6 illustrates that the 
experimental elapsed time at which indicator particles appear is the same as 
the transit time for these particles and this fact is indicated by the ordinate 
scale running from left to right. The usefulness of the indicator lies exclusively 
in the fact that the distribution of transit times for indicator particles can be 
measured from the experimental elapsed time and is assumed to be the same 
as the distribution of transit times for all blood, or, more strictly, of all untagged 
particles of the same type as tagged particles. 
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Fic. 6. Indicator particles as markers of transit time. Black cubes represent indicator 


particles. Distribution of transit times same as in Fig. 5. 
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Fic. 7. Total flow during first time unit following injection of indicator. White cubes are 
untagged particles. Numbers on the top of each column of cubes indicate transit time of the 
cubes in that column. 
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Fic. 8. Total flow during first three time units following injection of indicator. Fastest 
indicator particles (black cubes) have just appeared. 


Figure 7 illustrates the force of this fact. The 12 cubes untagged by indicator 
represent the total outflow during the first second following injection of in- 
dicator. It is known from the experimental indicator-dilution curve that 2/12 
of the outflow during any interval of time is made of particles that entered 
the vascular system three seconds earlier, 4/12 entered four seconds earlier, 
3/12 entered five seconds earlier, and so on. 
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Fic. 9. Measurement of volume by single injection of indicator. See text. 


In Figure 8 are displayed the events of the first three experimental seconds. 
During the third second the first indicator particles, shown as black cubes, 
appear. They constitute 2/12 of the total flow during that second; the remain- 
ing 10/12 of the flow is made of undyed particles. Look down the row of cubes 
whose transit time is between two and three seconds. It contains 2 « 3 or 6 
cubes. This means that at zero time, when indicator was introduced into the 
system, that part of the vascular volume composed of particles described by 
3-second transit occupied a volume of 6 units. It is as though indicator particles 
have flushed out ahead of them all untagged particles of the same transit time 
which were already in the vascular bed at zero time. 

Figure 9 shows the events of the first seven experimental seconds, at the end 
of which all injected indicator has been washed out of the vascular bed. As one 
looks down the rows of cubes in each interval of transit time, one sees that 
indicator particles at exit have been preceded by the fraction of the volume of 
the vascular bed occupied by untagged particles having the same transit time. 
The sum of all such fractional volumes is the total volume of the bed. 

The volume occupied by each row of cubes is the product of flow and the 
distribution function (a partial product that describes the fraction of the total 
flow having a given transit time) and the transit time and the time interval. 
The sum of all rows is the total volume of the vascular bed; it is the sum of all 
products of F, h(t), t and At, and this will be recognized from the discussion of 
Figure 3 as exactly the product of flow and the mean transit time. This, then, 
is a proof that volume is flow multiplied by mean transit time. 

Figure 9 also helps make clear the assumptions underlying indicator dilution 
methods. It is assumed that (1) the distribution of transit times for indicator 
particles is the same as that for all blood (or for all particles of the type for 


which flow and volume are to be measured) flowing through the system, 
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(2) total flow through the system does not change during the experimental period 
between injection of indicator and recovery of all indicator, (3) total volume of 
the system does not change during the experimental period, and (4) there is 
stationarity ; that is, the distribution of transit times does not change during the 
experimental period. Finally, it is assumed that recirculation either does not 
occur or that it can be corrected for experimentally. 

It is now possible to consider the case of continuous injection of indicator 
at a constant rate from the point of view of frequency distribution of transit 
times. The relation between outflow concentrations of indicator associated with 
single and constant injection can be seen easily if one imagines that, in Figure 
9, once indicator-tagged particles appear at any given transit time, they will 
continue to appear with the same frequency at that transit time so long as 
injection continues. 

The cubes may be re-arranged, as in Figure 10 to illustrate the shape of the 
outflow concentration-time curve during constant injection of indicator. 
Figure 10 shows 12 cubes representing the total outflow from the system. We 
know from the single-injection curve, Figure 6, how the transit times making 
up total flow are distributed: 2/12 of the flow travels the bed in three seconds; 
an additional 4/12 travels in four seconds, or 6/12 travels in four seconds or 
less; an additional 3/12 travels in five seconds, or 9/12 travels in five seconds or 
less; and so on until the full 12/12 of the flow is accounted for. The ordinate, 
then, is the cumulative frequency function, H(t), multiplied by flow. 
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Fic. 10. Cumulative frequency function. Same distribution of transit times as in previous 
figures. White cubes are untagged fluid particles 
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Figure 11 illustrates the time course of appearance of indicator particles 
during constant injection, begun at zero time. No indicator appears until the 
third second when 2/12 of the flow—the fastest particles—is tagged and will 
remain tagged as long as constant injection continues. During the fourth second 
there appear tagged particles of the kind that require four seconds to traverse 
the bed, so that a total of 6/12 of the flow is tagged. And so the constant in- 
jection curve is developed until all the outflow is tagged, at which plateau we 
have a measure of total flow. Note that it takes exactly as long for the concen- 
tration-time curve during constant injection to reach plateau as it takes that 
following single injection to fall to zero. 

The total number of cubes in Figure 11 is 56. They are the same 56 cubes 
that made up the total volume in Figure 9, which illustrated events following 
single injection of indicator. Note that in Figure 11 the frequency of 3-second 
particles multiplied by their transit time gives six 3-second particles; the fre- 
quency of 4-second particles multiplied by their transit time gives 14 4-second 
particles. Thus, the area above the build-up of the constant-injection curve is 
the sum of the products of frequency, time and At, which is the definition of the 
mean transit time. Earlier in this paper (see Fig. 2) it was shown that volume 
equals flow multiplied by the area above the build-up curve. Since it has now 
been shown that this area is exactly the mean transit time we have independent 
proof of the fact that volume is flow multiplied by mean transit time. 

In the models used here the vascular bed was marked by only four types 
of transit time, from three to seven seconds. In real vascular beds there is a 
very large number of types of transit time so that a plot of their frequency 
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Fic. 11. Measurement of volume by constant injection of indicator. Black cubes are tagge 
particles. See text. 
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distribution yields a more or less smooth curve. Following sudden single in- 
jection of indicator into a vascular bed, the concentration at outflow usually 
increases rapidly, after a brief initial upward concavity, to a maximum and 
then declines more slowly and curvilinearly to zero. Peak concentration usually 
occurs at some time less than half the total time required to write the curve, 
that is, the curve is skewed to the left toward shorter transit time and the mean 
transit time is located on the down-limb. It was pointed out by Hamilton, 
Moore, Kinsman and Spurling (4) that the down-limb often seems to fit an 
expression for exponential decay, that is, the rate at which the concentration 
falls at any time is proportional to the concentration at that time. While this 
has undoubtedly been a useful approximation the fact is that the early portion 
of the down-limb falls more rapidly than its middle portion which does very 
often fit the expression for exponential decay rather well, and the later portions 
of the down-limb are so frequently obscure experimentally that it is not clear 
whether or not they conform. It will be shown later that the practical applica- 
tions of Hamilton’s approximation are so simple and valuable that the fact that 
the down-limb is not an exponential form does not matter for many measure- 
ments of flow and volume. 

C. RELATION BETWEEN SINGLE AND CONSTANT INJECTION OF INDICATOR 

There have been a number of ingenious efforts to supply formal expression 
on @ priori grounds for the single-injection indicator dilution time curve, re- 
viewed by Dow (1), but these appear to be doomed to failure in the present 
state of our ignorance about the characteristics of the bed. It has seemed best 
for the time being to let the bed describe itself to us by writing its own fre- 
quency distribution curve. The frequency of transit times is related to the 
concentration of indicator following single injection by the fact that the fraction 
of indicator leaving the bed at any time is described exactly both by the product 
of flow, F, and concentration, c(t), and by the product of frequency at which a 
given transit time occurs, h(t), and the quantity of indicator injected, or 
q:h(t) = F-c(t). For continuous injection at constant rate the cumulative 
frequency function at a given time, H(t), is to the total flow as the concen- 
tration at that time, C(t), is to the rate of constant injection, I; that is, 
H(t)/F = C(t)/I. Since H(t) grows only until it is unity, at which time C(t) 
becomes the plateau concentration, Cy,.x, this expression confirms the intuitive 
formula given earlier, F = 1/C,,.x. Furthermore, from the relations concerning 
the single injection curve, the complete area under the curve of frequency 
distribution of transit times, conveniently written fo h(t) dt, multiplied by q 
represents the total quantity of indicator injected (since the total area under the 
frequency curve is unity) and this equals Ff,” c(t) dt, which is the expression 
for determining flow given in discussion of Figure 4. 
Figure 12 illustrates simultaneously obtained curves resulting from single 
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Fic. 12. A. Concentration-time curve following single injection of indicator into central 
circulation (solid lines). Broken lines represent likely extremes of extrapolation of concen- 
tration to zero during the first circulation of indicator. Recirculating indicator just appears 
at the arrow. Shaded area is relative difference between two estimates of flow based on the 
two extrapolations. t; and t2 are the two estimates of mean transit time based on the tw 
extrapolations. 

B. Concentration-time curve following constant injection of indicator into central circu 
lation. Time at which indicator just appears at outflow and time at which indicator just 
begins to recirculate are identical to those shown in curve A. Pyax-1 and Pmax-2 are likely 
alternative extremes of extrapolation of concentration to plateau. Shaded area is difference 
between estimates of area above the extrapolated build-up concentration curves 


injection, curve A, and constant injection, curve B, into the central circulation, 
including the heart and the pulmonary vascular bed. The quantity of indicator 
has been adjusted to yield reasonable peak and plateau concentrations. All 
temporal events of interest occur simultaneously in the two. The times at 
which indicator first appears are the same. The initial phase of the constant 
injection curve is concave upward followed by a phase concave downward 
until plateau is reached. The point at which concavity changes from upward to 
downward coincides with the time at which the single-injection curve reaches its 
peak. Recirculation of indicator, represented by departures from smooth curves, 
occurs simultaneously. The dashed lines represent extrapolation to zero concen- 
tration for curve A and to a plateau concentration for curve B; that is, they are 
corrections for recirculation and show that curve A returns to zero at the instant 
curve B reaches plateau. It is as easy to make one extrapolation as the other. 
If recirculation is a late event, as shown in Figure 12, so that curve A has 


almost returned to zero, then no reasonable, even if crude, extrapolation is 
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likely to lead to gross error since most of the area has already been written. 
Similarly, if curve B is very near plateau it would be difficult to be wrong about 
the extrapolation. On the other hand, if recirculation occurs so early that no 
reasonable idea of the shape of the down-limb of the single injection curve is 
obtained, neither curve can be extrapolated with confidence. 

Volume is apt to be estimated less precisely than flow. For example, if the 
extrapolation to zero of curve A is falsely early, leading, say, to a 10 per cent 
underestimate of area (and therefore to a 10 per cent overestimate of flow), 
mean transit time ordinarily will be underestimated more seriously, say by 20 
per cent, and volume, which is the product of overestimated flow and more 
greatly underestimated mean transit time, will be underestimated, in this case 
by 12 per cent. 

Similarly, in curve B, if plateau concentration is underestimated (and flow 
overestimated) the area above the curve, required for calculation of volume, 
will be more seriously underestimated, and volume will therefore be under- 
estimated, and, in general, to a greater degree than the overestimate of flow. 


D. ALTERNATIVE FORMS OF INJECTION, NEITHER SINGLE NOR CONSTANT 


Let us now consider effects of variation in rate of injection. So long as the 
system is stationery, that is, flow, volume and frequency distribution of transit 
times are constant, the concentration-time curves following single injection of 
each of two quantities of indicator will stand exactly in relation to one another 
as the relative quantities of indicator injected. For example the injection of 
twice the quantity of indicator produces twice the concentration at any time, 
and twice the area from time zero to any given time with no change in the time 
course. This trivial statement follows immediately from the fact, demonstrated 
above, that c(t) = q-h(t)/F, for if we now inject twice the quantity, the new 
concentration function c(t) = 2q-h(t)/F. 

If two different quantities of indicator are injected in rapid succession 
so that the concentration change produced by the second injection appears 
before the first indicator has been washed out of the system, the concentration 
measured will be the sum of the two concentrations each injection would have 
produced separately. If, instead of two discrete injections, we inject continu- 
ously at a rate which is a function of time the concentration of indicator ac- 
cumulates in the general manner of the concentration associated with constant 
injection, but modified by the fact that the amount of indicator injected over 
any interval of time may be different from time to time. 

An interesting and possibly useful result occurs if injection is continuous at a 
rate which increases linearly with time. The principle is illustrated in Figure 13 
During the first time interval an amount, say q:, of indicator is injected and is 
distributed in a series of concentration each equal to q h(t) F, as shown by the 
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Fic. 13. Measurement of mean transit time by constant acceleration of injection of indi- 
cator. See text. 


black rectangles. During the next time interval an amount, say a- qui, where a is 
greater than 1, is injected and is distributed in a series of concentrations each 
equal to a-q h(t — 1)/F, as shown by the white rectangles added to the first 
black ones where h(t — 1) is zero for t less than 1. In the third time interval 
an amount 2-a-q is injected and distributed in accordance with the frequency 
function, h(t — 2), and so on. We do not in fact measure the separate con- 
tribution of each of these quantal injections; we measure only their cumulative 
effect as the concentration at any moment. Notice that the increment in 
measured concentration with succeeding time intervals is irregular for a period 
of time following which each successive concentration exceeds its predecessor 
by a constant amount. The time at which constant increments begin is exactly 
the time at which h(t) just returns to zero, or, in Figure 13, the time at which 
the quantity of indicator injected during the first time interval is just washed 
out of the system. Recall that if we had been injecting at constant rate this is 
also the time at which the concentration would have reached plateau. 

Let us generalize the evolution of the curve in Figure 13. At any time, t, 
the concentration is made of a number of groups of indicator particles which 
entered the system at different times before t. If the rate of injection of indi- 
cator is i(t), the quantity injected during the interval, ds, beginning s time units 
before t is i(t — s)-ds, and the fraction of it leaving at t is h(s). Then the 
rate at which indicator particles of this kind leave the system at time t is 
i(t — s)-h(s)-ds, and their contribution to the concentration is this quantity 
divided by total flow. The total concentration at time t is the sum of all such 
particles where s varies from zero to t. That is, as pointed out previously (2), 


1 ft 
C(t) = =| i(t — s)-h(s)-ds. 
F Jo 


If, as in Figure 13, i(t) is linear with time, that is, i(t) = t-a(t), where 
a(t) = 0 for t < 0 and a(t) = a, a constant, for t > 0, then, substituting 
(t — s)a for i(t — s) in the equation for concentration, gives C(t) = 
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at [' af aici 
“| h(s) ds — 4 | s-h(s)-ds. As t grows large the first integral approaches 
40 


unity, since the frequency distribution curve has unit area, and as t grows large 
the second integral, it will be recognized, approaches the mean transit time. 
That is, with large t, C(t) = (t — t)a/F, where t > t. Furthermore, we know 
exactly how large t must be when this linear expression for C(t) just becomes 
valid; it must be that time at which fi h(s) ds = 1, that is, the time at which 
the concentration following single injection just returns to zero. 

When one injects at rate i(t), the concentration at the point of injection, 
if indicator is mixed with total flow is i(t)/F. If the rate of injection is linear, 
say t a, concentration at entrance is t a/F. Comparing this value for inflow 
concentration with that given above for outflow concentration, one sees that 
the concentration of outflow, for sufficiently large t, is the same as the concen- 
tration was at inflow t time units earlier. Thus, once the concentration at out- 
flow begins to increase linearly, the difference between it and i(t)/F is t, a 
simple method for measurement of t. 

There are two important examples of the effect of continuous, not neces- 
sarily constant, introduction of indicator, i(t), upon the concentration of indi- 
cator at outflow, c(t). 

One example concerns the question of how instantaneous an instantaneous 
injection must be. If an injection, intended to be “instantaneous”, is in fact 
distributed over some period of time as illustrated by the frequency distribution 
on the left in Figure 14A, then the mean time determined by analysis of c(t) 
will exceed the mean time of untagged particles, which should be that of the 
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Fic. 14. A. Non-instantaneous single injection. Frequency distribution of injection shown 
between 0 and 2 time units. Frequency distribution of transit times shown by black columns 
between 4 and 6 time units. The same frequency distribution resulting from each quantum 
of injectate is superimposed on its predecessor. The envelope is the concentration at outflow 
measured in fact 

B. Cumulative frequency function of injection, I(t), distribution of transit times, H(t), 
and concentration at outflow C(t) from injection shown in Fig. 14A. 
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distribution function h(t), shown as solid blocks on the right in Figure 144, 
In fact the mean time of the function i(t) plus the mean time of the function 
h(t) equals the mean time of the function c(t). This relation is illustrated in 
Figure 14B which presents cumulative frequency distributions of i(t), h(t) and 
c(t), in that order. Recall that the area above the cumulative frequency dis- 
tribution function is the mean time and note that the sum of the areas above 
I(t) and H(t) equals the area above C(t), where capital letters denote respective 
cumulative functions. Therefore, as pointed out in a previous report (2), the 
mean transit time of untagged particles of the kind whose flow and volume are 
of physiological interest is obtained by subtracting the mean time at which 
indicator is injected from the mean time estimated from concentration of indi- 
cator at outflow. If the mean time of injection is relatively long compared to 
mean transit time, accuracy of estimate of the latter may be compromised. 


E. RECIRCULATION AND SOME APPLICATIONS OF INDICATOR-DILUTION THEORY 
TO OTHER PROBLEMS 


The second example concerns recirculation. In a closed system, that is, one 
in which iterated recirculation occurs, following single injection of indicator, 
the system reinjects itself continuously. The shape of the continuous rein- 
jection is that of the frequency function of transit times through the whole 
circulation system. 

The simplest case, illustrated in Figure 15A, is that in which the system 
under study is the whole circulation; that is, arbitrary outflow at which concen- 
tration of indicator is measured is immediately proximal to arbitrary inflow 
at which indicator was introduced and indicator, once introduced, is not re- 
moved from the system. There is, therefore, only one distribution function of 
transit times, h(t), and the quantity of indicator at outflow at any time t is 
formed by summing the elements h(t — s)-h(s)-ds, as shown in the discussion 
of Figure 13. As s moves from time 0 to t, h(s) includes low and high fre- 
quencies so that wide swings in concentration of indicator at outflow tend to 
decrease; that is, the concentration function behaves like a damped oscillation 
(Fig. 15B). With time, indicator leaving the outflow reenters the inflow at a 
rate which is progressively more like a constant injection and it is intuitively 
clear that eventually indicator will in effect be distributed uniformly through- 
out the system. The concentration at which this occurs is the quantity of indi- 
cator introduced divided by the volume of the system. Indeed this is one well- 
known method for determining volume of distribution of indicator at a steady 
concentration. 

If the system under study is only part of the circulation, and if h(t) is the 


frequency distribution of transit times through the partial circulation and 
f(t) is that through the whole circulation, then it is obvious from the discussion 
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Fic. 15. A. Recirculation of indicator following single instantaneous injection. Envelope 


is measured concentration of indicator. First four columns represent initial circulation. As 
indicator reinjects itself into the system each slug is distributed according to the frequency 
pattern illustrated during the first circulation. Distribution of successive reinjected slugs is 
marked by alternate white and shaded patterns. For example, the second slug to reinject 
itself happens to be that with the most frequent transit time and its distribution on recircu 
lation is shown by the first large shaded pattern. 

B. Recirculation as a damped oscillation. Envelope of Fig. 15A is shown by the solid line. 
The beat of this oscillation is shown by the broken lines joining maxima and minima re- 
spectively. 

at 


presented so far that c(t) = (q F) | f(t — s)h(s) ds. Since the mean time of 
Jo 
the distribution f(t) adds to the mean time of the distribution h(t) to yield the 
mean time of the distribution estimated from c(t), it is easy to determine the 
third of these mean times if the other two can be measured. 
If at some time, say T, C(T) becomes constant, as suggested by Figure 15, 


. Ps 
C(T) = (q/F) | f(T — s)h(s) ds = q/V, Since V = rt, | f(T — s)h(s) 
0 


0 


ds = 1/t. 
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It is difficult to obtain f(t) or h(t) if only one of these and C(t) are known, 
but if two of the three functions are well-described it should be possible to ob- 
tain the third function by trial and error or by computer methods from the 
relations described above. 


' 1 ft. ; oie 
The relation c(t) = 4 i(t — s)-h(s) ds probably has wide application in 
0 


biology since it is simply the convolution of one distribution upon another. 
In neurophysiology it describes the distribution of arrival times of nerve im- 
pulses, for example, that have traveled through a family of synapses and then 
been conducted along a family of axones. In metabolic studies it describes the 
concentration of a metabolite produced by a family of cells and distributed 
over some volume in the organism or distributed over some volume in the 
organism and dissimilated by family of cells. If one of the distribution functions 
can be measured independently, measurement of the function c(t) provides a 
possible method for estimating the remaining function. 

It is interesting to explore the effects of violation of the basic assumptions 
of indicator-dilution methods. If, for example, flow is not constant but is a 
function of time, F(t), then the distribution of transit times will be a function 
of flow, h(F, t). It must still be true that, following a single injection, the 
quantity of indicator leaving the system at any time is F(t)-c(t) = q-h(F, t). 
It is therefore impossible to measure flow by this method alone. However, if 
flow varies in some systematic way and sufficiently slowly so that h(F, t) can 
be estimated satisfactorily, say be repeated injection of indicator at intervals 
of time F(t) may be estimated with some knowledge of the error involved. Some 
notion of possible relations can be gotten by constructing frequency distribu- 
tion graphs and letting the distribution vary with time or by manipulation of 
the model made of cubes used in earlier illustrations. If flow is measured by an 
independent method, then h(F, t) obviously can be determined easily. Volume, 
however, cannot be measured because indicator particles under these conditions 
do not necessarily flush out untagged particles of the same transit time. 

The assumption of stationarity may be untrue. Microscopic examination of 
living vascular beds, for example that in the frog’s tongue, shows what appears 
to be harried reshuffling of the distribution of blood flow among the several 
channels. Under these circumstances even though flow is constant the distribu- 
tion function varies. If knowledge of the distribution function is desired it may 
be possible to investigate its behavior by repeated single injection of indicator 
and independent measurement of flow. 

Further discussion of the effect of violation of the assumptions underlying 
indicator dilution methods has been presented previously (2). 

Finally, by proper selection of injection and sampling sites and of indicator, 


it may be possible to learn a good deal about the system under study. Thorough 
experimental description of the distribution of transit times may lead to some 
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understanding of the character of flow through the system, the distribution 
of path lengths, detection of shunts, of barriers to flow or to diffusion. Proper 
combinations of indicators, using the word broadly, may provide descriptions 
of the separate distributions making up a single system and the technique 
can be, and already has been, extended to examine other biological phenomena 
besides fluid flow and volume. 


REFERENCES 
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Obstetrics and Gynecology. By J. Ropert WILLsoN, CLAYTON T. BEECHAM, ISADOR FORMAN 
AND EtstE Reip CARRINGTON. 605 pp., $10.75. The C. V. Mosby Co., St. Louis, Mo. 
This book on obstetrics and gynecology affords ample proof of what every thinking 
individual should already be aware—the specialties of gynecology and obstetrics have 
simply become too complex and replete with too many ramifications to allow for adequate 
specialty coverage whether it be within a combined department or in a combined textbook. 
This does not, however, detract from its general excellence or the stated intent by the 
authors to produce a publication that can be utilized by the family physician. In this purpose 
they have succeeded admirably, but there is no question, as the authors admit, that the 
specialist will not be satisfied with this, or with any single textbook. 

In the 51 chapters and 590 pages these four Temple University authors have covered all 
of the important aspects of both specialties, of necessity in a rather condensed form. For 
example, the very interesting and provocative problem of pelvic tuberculosis is handled in 
only two pages. The first eight chapters are devoted primarily to normal physiology and such 
functional problems as amenorrhea, dysmenorrhea, sexual problems in the female, etc., and 
these have been covered quite adequately. Rather disappointing was the chapter on endo- 
metriosis. This lacked an up-to-date bibliography, and unlike many of us, Dr. Beecham does 
not seem to place much credence in the factor of tubal regurgitation as a factor in the de- 
velopment of many cases of endometriosis. His other contributions, particulary on hydatidi- 
form mole and choriocarcinoma are excellent. 

The middle third of the book is devoted exclusively to obstetrics, and while this reviewer 
admits to being only a gynecologist, helpful obstetricians have assured me that it has been 
done in the high calibre characteristic of all of Dr. Willson’s publications. The final chapters 
deal with organic pathology found generally in the older age group, and although all of the 
usual disease entities are included, space limitations have necessitated a rather cursory dis- 
cussion of some of these. The authors have wisely omitted any description of surgical tech- 
nique, although anesthesia and operative care are covered. 

Rather unique and enjoyable is the sequential presentation of the life history of the usual 
woman with her pregnancies and diseases. Normal physiology, functional disturbances, in- 
fections, pregnancy with post-partum complications, tumors, etc., are logically presented in 
their usual order of appearance in a woman’s life. 


The photographs, many of which are second hand and diagrammatic or semi-diagram- 
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matic, are only average, and hardly in keeping with the excellent literary style. Presented in 
pleasant format by the C. V. Mosby Company, this is an easily readable book. Any critical 
comments made in this review are intended only for the more discriminating specialist. For 
the student and general practitioner who performs office gynecology and obstetrics in the 
non-teaching type of institution, this text is ideally suited. 


EDMUND R. NOVAK 


Applied Physiology of the Eye. By H. WiLLouGHsy LyLe assisted by T. Kerru Lyte. 341 
pp., $9.00. Bailliere, Tindall and Cox, London, England. The Williams & Wilkins Co., 
Baltimore, Md. exclusive U. S. agents. 

It is indeed fortunate that Doctor T. Keith Lyle saw to it that his father’s manuscript 
was prepared for publication. The book will continue to be a valuable monument to the 
author’s industry and extensive knowledge. 

In the preface the objective was stated: To present the main facts concerning the physi- 
ology of the eye and to coordinate these with disease states and abnormal functionings. The 
objective has been obtained in by far the largest part. There are some omissions which this 
reviewer regrets. For example, fundamental work by Hering, by Head, by Cogan and by 
Cannon well might have been mentioned. However, this criticism is minor because the mass 
of material which is presented is sound and is well arranged. 

All ophthalmologists and particularly those who are undertaking Board examinations 
should have this book. 

The Williams & Wilkins Co., Baltimore, Maryland, are exclusive U. S. agents. 

FRANK B. WALSH 


Rehabilitation of the Cardiovascular Patient. By PAauL DupLEyY Wuire, Howarp A. Rusk, 
Puitip R. LEE AND BRYAN WILLIAMs. 176 pp., $7.00. McGraw-Hill Book Co., New 
York, N. Y. 

Rehabilitation of the Cardicvascular Patient presents a concise and relatively comprehensive 
discussion of all phases of rehabilitation in patients with cardiovascular diseases. 

The emphasis is on the physical medicine aspects of rehabilitation, but the emotional and 
psychological aspects of each disease, its impact upon the patient, and in many cases his 
family as well, are considered. 

Photographic illustrations showing exercises, especially for the hemiplegic patient, are very 
clear and should be useful to those physicians treating patients who have sustained cerebro- 
vascular accidents. 

Optimistic and encouraging statistics on rehabilitation are given, in patients who had 
sustained myocardial infarctions. Eighty-four per cent of five hundred patients in one 
study, and 79 per cent of one hundred and eighty-four patients in another study were able to 
return to work after an appropriate interval and application of rehabilitation principles. 

Even more encouraging are the findings of Greer at the Gillette Safety Razor Company 
in Boston, which indicate that when patients with coronary heart disease are properly placed, 
they are not only productive employees, but actually rate a little higher in productivity than 
the healthy controls. The authors feel the same findings obtain in patients with other forms 
of heart disease who are properly evaluated and placed according to degree of disability, age, 
sex, economic status, and motivation. 

This is certainly a useful contribution by four well known investigators in the field of 
rehabilitation. All physicians who treat patients with cardiovascular disease occasionally or 
constantly should find it extremely interesting and clinically useful 


Juuian W. REED 


220 BOOK REVIEWS 


The Brain and Human Behavior. Research Publications of the Association for Research in 
Nervous and Mental Disease, Vol. 36. Edited by HArry C. SoLomMon, STANLEY Coss 
AND WILDER PENFIELD. 564 pp., $15.00. The Williams & Wilkins Co., Baltimore, Md. 

This volume of the transactions of the 1956 meeting of the Association for Research in 
Nervous and Mental Disease, in general, analyzes the contributions of the various parts of 
the brain to behavior rather than the characteristics of the total integration such as might 
have been derived from philosophic and psychodynamic considerations. Thus the research 
done on frontal, parietal, and temporal lobes in the past decade is assembled and an attempt 
made to show how it elucidates behavioral mechanisms. A few studies on neuropharma- 
cologic subjects are included. 

The detailed studies from the Boston Psychopathic Hospital on lobotomized patients are 
briefly summarized by Greenblatt and Solomon who discuss their current thinking of the 
rationale of lobotomy without formulating a generally acceptable thesis. 

The influence of the parietal lobe on behavior is well outlined, both from the clinical and 
experimental standpoints, in an 80 page paper by Drs. Denny-Brown, and Chambers. This 
must be read to appreciate the detailed wealth of material. 

The greater part of the remainder of the book deals with the temporal lobe—the effects oi 
its stimulation and ablation upon behavior. The concepts presented largely fall in line with 
Penfield’s thesis of a temporocentrencephalic interrelationship. 

This book presents the current thinking of brain function by the experimental and clinical 
neurophysiologist. By no means does it give an acceptable or total analysis of behavior. Per- 
haps its general thesis might be epitomized by the conclusions of the authors of the last 
paper in the monograph—Dr. Chapman and associates—who state that the site of cerebral 
damage is important in respect to low (motility and sensation) and intermediate (speech 
etc.) level functions but the form and degree of impairment of the highest integrative func- 
tions is independent of the site of tissue loss within the neopallium but closely related to the 
mass of improperly functioning neural tissue. Moreover the degree of impairment is greater 
in patients with pre-existing anxieties and difficulties in over-all adaptation, than in those 
who performed exceptionally well. In fact, neuronally intact individuals with long standing 
and severe anxiety, manifested by difficulties in mentation, easy frustration and fatigability 
have impairment of the higher mental functions, sometimes, to the same degree as those 
patients with major loss of cerebral tissue. 

This volume should be read by all serious students of neurology for it presents concisely 
current concepts of mind-brain relationship. 

A. EARL WALKER 


Physiology of Prematurity, Transactions of the First Conference, March 21, 22 and 23, 
1956. Edited by JonATHAN T. LANMAN. 151 pp., $3.25. The Josiah Macy, Jr. Founda- 
tion, New York, N. Y. 

I believe that this 135-page textbook will appeal more to the academic obstetrician and 
pediatrician than to those engaged in practice—an unfortunate circumstance, for all of us can 
profit by reading the proceedings of this first conference on prematurity. The two subjects 
presented are Fetal-Maternal Endocrinology in Late Pregnancy and The Fetal and Pla- 
cental Circulation in Late Pregnancy. The discussions are opened very ably by Drs. Jonathan 
T. Lanman and Geoffrey S. Dawes. The comments of the participants are of much value and 
in many ways make this little text a most enjoyable one to read. Another attractive feature 
is the current bibliography which appears at the end of each chapter. 

Today one hears a great deal about the value of the multidisciplinary approach to prob- 
lems in obstetrics. As working proof of this idea, one has only to analyze the group attending 
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this meeting. Of thirty participants, only three were obstetricians. | recommend this book to 
all those interested in prematurity. It contains a lot of solid information. 
HARRY PRyYsTOWSK\Y 


BOOKS RECEIVED FOR REVIEW 

Analyzing Psychotherapy. By SoLomMON KATZENELBOGEN. 126 pp., $3.00. Philosophical 
Library, New York, N. Y. 

Clinical Orthopaedics, No. 11. Edited by ANrHony F. DeEPALMA. 257 pp., $7.50. J. B. 
Lippincott Co., Philadelphia, Pa. 

Diseases of the Esophagus. By J. TERRACOL AND RICHARD H. Sweet. 682 pp., $20.00 
W. B. Saunders Co., Philadelphia, Pa. 

Etiology and Treatment of Leukemia. Proceedings of the First Louisiana Cancer Con- 
ference. Edited by WALTER J. BuRDETTE. 167 pp., $4.00. The C. V. Mosby Co., St. 
Louis, Mo. 

A Handbook and Charting Manual for Student Nurses, 2nd edition. By Atice L. PRIcr. 
279 pp., $4.50. The C. V. Mosby Co., St. Louis, Mo. 

War Blinded Veterans in a Postwar Setting. A Social Work Followup of Rehabilitation 
Measures for Blinded Veterans with Service-Connected Disabilities Between Dec. 7, 
1941 and Mar. 31, 1953. 260 pp., $1.50. U. S. Government Printing Office, Washington, 
DC, 
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CHANGES IN REFLEX PATTERNS FOLLOWING SPINAL 
CORD HEMISECTION IN CATS!:? 


R. D. TEASDALL, J. W. MAGLADERY anp E. H. RAMEY 
The Division of Neurological Medicine, The Johns Hopkins University School of Medicine 
and Hospital and The Baltimore City Hospitals 


Received for publication June 12, 1958 


In normal man at rest, electrical stimulation of posterior tibial nerve results 
in a characteristic pattern of action potentials in calf muscles (1, 2). With 
liminal stimuli, afferent fibers are excited and reflexly-produced deflections (H 
reflexes) make their appearance. Stronger shocks cause, in addition, M waves 
of shorter latency due to direct activation of motor axons (reference 2—Fig. 
3). With even stronger stimuli, additional motor fibers are excited and anti- 
dromic impulses in these obliterate the H reflex discharge to muscle. Shocks 
of such blocking intensity are still well subliminal for many afferent fibers of 
mixed nerves which contribute to the reflex discharge (3). By this method, 
therefore, only a relatively small portion of the reflex responses to afferent im- 
pulses of lowest threshold can be sampled selectively in normal man. Reflex 
discharges from stronger stimuli can be detected, but only with full realization 
that they are influenced by antidromic volleys, and those resulting from im- 
pulses in afferent fibers of highest threshold cannot be studied by this means. 

In man, however, rapid phasic stretch of muscle, as developed in tendon 
jerks, also results in afferent volleys in fibers of lowest threshold similar to 
those evoking H reflexes (1, 4). A component part of the H reflex recorded 
from muscle, and the tendon jerk as well, is due to monosynaptic discharge 
of motoneurons (2, 5, 6, 7). There are reasons, however, based on clinical ex- 
perience and physiological studies in man, for suspecting that enhanced myo- 
tatic activity in patients with central neurological damage may be subserved 
by more complex connections within spinal cord (4). If that is correct, it is con- 
ceivable that, in normal man as well, myotatic reflexes other than monosynap- 
tic may also result from rapid stretch of muscle or appropriate electrical stimu- 
lation of afferent fibers of lowest threshold. Due to experimental limitations 
already mentioned, it is difficult to investigate this possibility in man. For this 
reason, comparable and more definitive studies were undertaken in cats. 


METHODS 


Fifty-nine cats were used. Fourteen of these were perfectly normal at the 
onset of acute experiments which were carried out under anesthesia or high 


! Supported by a grant (B-367) from The National Institute of Neurological Diseases and 
Blindness, U.S. Public Health Service. 

? Part of this material was presented to the American Neurological Association in June 
1956. 
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spinal cord transection. They will be described as “‘intact’’ cats. In 5 animals 
the spinal cord was hemisected during the course of acute study. In the re- 
maining 40 animals aseptic spinal cord hemisection had been performed, at 
vertebral levels ranging from D4 to L1, three to seventy-four days prior to 
study. This operation will be called ‘“‘chronic hemisection.’’ None of these ani- 
mals with chronic hemisection showed any evidence of urinary retention or 
other than unilateral weakness. 

In all instances, reflex activity was investigated by using similarly-placed 
recording and stimulating electrodes on both sides of the body. The electrical 
stimuli, considered equal in intensity, were square waves of less than 0.5 msec. 
duration delivered alternately from the same stimulator. Under ether or pento- 
barbital (32 mgm./kg.) anesthesia, methods similar to those employed in man 
(2) were used. Stimuli were graded single shocks to tibial nerves at ankle, or 
in popliteal fossa proximal to the separation of nerves to gastrocnemius. These 
shocks were delivered through monopolar needles thrust through skin or, after 
dissection and freeing of the nerves, through paired platinum electrodes. Brisk 
mechanical taps to Achilles’ tendon or sole of foot provided rapid stretch of 
calf muscles. Paired recording needle electrodes, insulated to the tips, were also 
pushed through skin into calf and small foot muscles. Action potentials were 
led from these electrodes and displayed, after standard amplification, on 
cathode ray beams and photographed. 

Acute terminal experiments (6) were performed in some animals under pen- 
tobarbital anesthesia, but in the majority after transection of spinal cord at 
atlanto-occipital junction. In various instances, tibial nerve in popliteal fossa 
and at ankle, nerves to both heads of gastrocnemius, and sural nerve, were then 
exposed and freed, and stimulated directly through paired platinum electrodes. 
Resultant action potentials were recorded from muscles through needles or, 
after laminectomy, from proximal segments of severed L7 and S1 ventral roots 
through platinum electrodes. 


RESULTS 
I. Intact Animals 


a) Recording from Muscle 


1. Seven intact cats were anesthetized with pentobarbital, and 5 with ether. 
Single shocks, through needle electrodes, to tibial nerve in popliteal fossa failed 
to produce in any instance detectable H reflexes in calf muscles. With increas- 
ing strength of nerve stimulation motor volleys increased in size and effectively 
blocked all reflex discharge to those muscles. In all these animals, however, 
ankle jerks could be elicited and their action potentials recorded. 

In the same 12 cats, the tibial nerve was similarly stimulated at the ankle. 
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CHANGES IN REFLEX PATTERNS 





In 5 animals (3 with pentobarbital and 2 with ether), only motor volleys could 
be detected in small foot muscles. In 3 animals, however, liminal shocks pro- 
duced solely H reflexes and, in 4 more, H reflexes and motor volleys appeared 
at the same threshold of stimulation. These electrically-evoked reflex discharges 
to muscle were in all instances readily abolished with deeper planes of anes- 
thesia despite persistence of ankle jerks. 

2. Similar studies were made in animals after acule high spinal transection. 
In 15 cats the tibial nerve was stimulated in the popliteal fossa. In 4 of these 
animals H reflexes alone, with latencies of 9 to 10 milliseconds, were detected 
in calf muscles with liminal shocks (records 1, and 2, Fig. 1). With more in- 
tense stimuli (records 3 and 4, Fig. 1), motor fibers (M) were excited as well 
with consequent diminution of the recordable reflex discharge. In 7 additional 
cats, afferent impulses causing H reflexes and motor volleys had similar thresh- 
olds. In only 4 animals could motor volleys alone be detected from the muscle. 

In 19 animals, tibial nerve was stimulated at the ankle and action poten- 
tials recorded from small foot muscles. In 10 of these cats weak shocks produced 
solely H reflex potentials with latencies varying from 10 to 11 milliseconds; in 
6, reflex and motor deflections appeared at similar thresholds; in 3, no reflexes 
could be detected. In all these acutely spinal animals ankle jerks were readily 
detectable clinically and electromyographically. 








| msec. 


Fic. 1. Action potentials from calf muscles in cat made acutely spinal by transection 
at atlanto-occipital junction. Paired needle recording electrodes insulated to tips. Single 
shocks of increasing intensity to tibial nerve in popliteal fossa. Stimulus artefact in this and 
subsequent figures indicated by small dot. See text. 
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b) Recording from Ventral Spinal Roots 


In each of 12 acutely spinal cats, some or all of the following peripheral nerves 
were carefully freed and stimulated directly by single shocks through paired 
platinum electrodes—sural nerve, tibial nerve in popliteal fossa and at ankle, 
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| msec. 
Fic. 2. Action potentials from proximal stump of severed L7 ventral roots in three 
different acutely spinal animals. Bipolar recording electrodes. Single liminal shocks to 
proximal portion of cut nerve to lateral head of gastrocnemius. See text. 
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Fic. 3. Relative thresholds of early and late reflexes presented graphically. 1. Control 
animals. 2. Hemisected side in chronic animals. 





an 
ac 
th 





ree 
to 


trol 





CHANGES IN REFLEX PATTERNS 227 


and nerves to medial and lateral heads of gastrocnemius. Resultant reflex 
action potentials were recorded, after laminectomy, from proximal segments of 
the severed L7 and Si ventral roots. 

Sural nerve stimuli, regardless of intensity, evoked only repetitive deflections 
with latency of about 7 milliseconds. Similar shocks to all other nerves, how- 
ever, produced two distinct reflex discharges, with latencies of 2 to 3 milli- 
seconds, and 4 to 5 milliseconds, respectively, which we have called “early” 
and “late” reflexes. The relative thresholds of these early and late responses, 
however, differed not only in various animals, but also with the nerve which 
was stimulated and the root from which recordings were made (Figs. 2 and 3). 

It can be seen from the upper histograms (1) of Figure 3 that, when the nerve 
to either head of gastrocnemius was stimulated, the results were similar re- 
gardless of whether L7 or S1 ventral root was used for recording. In 2 animals 
no reflex response was detected. In 4 cats, late reflexes appeared either at simi- 
lar or lower thresholds than early responses. In the remaining 6 instances, 
however, liminal stimulation evoked only early discharges and increased shock 
intensity was necessary to recruit late reflexes. Similar results followed shocks 
to tibial nerve in popliteal fossa. 

When, however, tibial nerve at ankle was the site of stimulation, the pattern 
was different as recorded from the two ventral roots. Early reflex discharge at 
lowest threshold was preponderant from S1 root, whereas liminal nerve stimu- 
lation caused mainly late reflex responses in L7 root. 


IT. Acute Hemisection of Spinal Cord 

In 5 animals, made acutely spinal by high cervical cord transection, tibial 
nerves at ankles were stimulated by single shocks in the usual fashion. In 2 of 
these animals resultant action potentials were led from small foot muscles; 
in the remaining three, recording was from proximal segments of severed L7 
and S1 ventral roots on the two sides. Subsequent acute hemisection of cord 
between D9 and D12 vertebral levels produced an immediate selective depres- 
sion, or abolition, of late reflexes on the hemisected side. Threshold and ampli- 
tude of the early reflexes, however, remained unchanged from those recorded 
prior to hemisection, and similar to those on the intact side. This depression, 
following acute spinal hemisection, of late reflexes on the ipsilateral side 
was of a transient nature, lasting from a few minutes to half an hour. 


IIT. Chronic Hemisection of Spinal Cord 


Hemisection of spinal cord produced some permanent weakness of the ipsi- 
lateral hind limb. Immediately postoperatively, ankle jerks and muscle tone 
were likewise depressed on that side. Within a day or two however, in most 
instances, ankle jerks and tone both became clearly enhanced in the affected 
limb and remained so until sacrifice of the animal. 
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a) Recording from Muscle 


1. In 5 cats under pentobarbital anesthesia, action potentials in small foot 
muscles resulting from stimulation of tibial nerve at ankle were recorded re- 
peatedly from both hindlimbs. These studies were made prior to, and at dif- 
ferent intervals after, aseptic hemisection of spinal cord. Muscle action poten- 
tials on the intact side remained unchanged from those in the preoperative 
state. On the hemisected side, however, the pattern was altered in a consistent 
fashion. The records of Figure 4 illustrate this change. Tracings in the left 
hand column show the effects of increasing strengths of nerve stimulation be- 
fore hemisection. The low-threshold reflex deflection (A) of record 2 had a 
latent period of 10 milliseconds. This was little changed with increase in shock 
strength sufficient to excite some motor axons as well (record 3). With stronger 
stimuli (record 4), an additional deflection (B) with latency of 14 milliseconds 
also appeared, along with marked increase of the M wave. The tracings in the 
right hand column were similarly recorded six days after spinal cord hemisec- 
tion at D11 vertebral level. In record 1, the least effective stimulus caused a 
small response after 16 milliseconds. With a stronger volley, as in record 2, 
latency of the polyphasic response (B) decreased to 13 milliseconds. Yet 
stronger shocks were needed (record 3) for emergence of the early spike (A) 
of 10 millisecond latency. In the final tracing more intense nerve stimulation, 
in addition to exciting many motor fibers, increased the amplitude of the early 
deflection at the expense of the later. 


A B A B 
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Fic. 4. Action potentials from small foot muscles of left hindlimb in cat under pento- 
barbital anesthesia. Left hand column—prior to spinal cord hemisection. Right hand col- 
umn—6 days after section of left half of spinal cord (D7). Paired needle recording electrodes. 
Single shocks of increasing intensity to tibial nerve at ankle. See text. 











to- 
ol- 








CHANGES IN REFLEX PATTERNS 229 


In 3 of the remaining 4 animals similar results were encountered. Liminal 
nerve stimuli on the side of hemisection produced reflex deflections of long 
latencies ranging from 12 to 17 milliseconds. With stronger stimuli latencies 
decreased, and these late action potentials gained in size and duration, before 
the earlier deflections made their appearance. In the remaining cat, an early 
deflection with 10 millisecond latency appeared at lowest threshold. Slight in- 
crease in stimulus strength, however, brought in late responses which then grew 
disproportionately in size with increasingly stronger shocks. 

2. Four animals, at intervals of 6 to 18 days after aseptic hemisection, were 
made acutely spinal by transection at atlanto-occipital junction. In these ani- 
mals, reflex deflections of long latency only appeared, on the intact side, with 
stimulus strengths considerably greater than those necessary to cause early 
reflex discharge and considerable direct motor nerve excitation. On the hemi- 
sected side, in contrast, late deflections of long latency appeared at lowest 
threshold in 3 cats, and increased disproportionately with greater stimulus 
strength. 


b) Recording from Ventral Roots 


1. Eight cats, at intervals of 8 to 22 days after hemisection, were made 
acutely spinal at C1 level. Action potentials were recorded from the proximal 
stumps of L7 and S1 ventral roots on both sides. Though it was clearly im- 
possible to assure completely comparable stimuli on both sides, thresholds to 
reflex discharge from light taps on Achilles’ tendon, whether judged clinically 
or from action potentials, were obviously lower on the hemisected side. With 
the weakest tendon taps, latency of the reflex responses on that side ranged 
from 7 to 10 milliseconds. On the intact side, in contrast, the reflex discharge 
of lowest threshold appeared after 4 to 6 milliseconds. With more vigorous 
taps, this difference in latency between the two sides became obscured; addi- 
tional early deflections then appeared on the hemisected side as well. In all 
instances however, with these stronger blows, the greater size and duration 
of the reflex response on the hemisected side was in the later deflections. Repre- 
sentative records illustrating these differences in threshold and configuration 
are shown in Figure 5. 

2. Twenty-one animals, with spinal cord hemisected from 5 to 74 days pre- 
viously, were made acutely spinal by transection at the atlanto-occipital junc- 
tion. In these cats, tibial nerves were freed bilaterally in popliteal fossa, or at 
ankle, and stimulated directly. Action potentials were recorded from proximal 
portions of severed L7 and S1 ventral roots. In 19 of these cats weak nerve 
shocks, totally ineffective on the intact side, produced reflex discharge on the 
side of hemisection. Latencies ranged from 4 to 6 milliseconds, dependent 
partly on site of nerve stimulation. Stronger stimuli caused, in addition to 
enhanced size of this response, early deflections with latencies varying from 2 
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to 3 milliseconds. Such stimuli also produced, but at this higher threshold, 
early and late deflections on the intact side. Indeed, thresholds for early re- 
flexes were essentially similar on the two sides of the body. With increasing 
shock intensity the late deflections were always of greater amplitude on the 
hemisected side. In contrast, in all but 3 animals, the early potentials reached 
greater size on the intact side. The pattern is illustrated in the records of Fig- 
ure 6. The tracings in the right hand column were recorded from the hemi- 
sected side, those on the left were from the intact side. Weakest shocks, in 
records 3, produced only late reflex discharge (B), with latency of 5 millisec- 
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Fic. 5. Action potentials from L7 ventral roots in cat with spinal cord hemisection (D8) 
eight days previously. Acute spinal preparation. Left hand records—intact side. Right hand 
records—hemisected side. Tracings 1 and 2 show, respectively, stretch reflex responses to 
weak and stronger taps to Achilles’ tendon. Sweeps of cathode ray beam triggered by tap. 
See text. 
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Fic. 6. Action potentials from L7 ventral roots in cat with spinal cord hemisection (D8) 
one month previously. Acute spinal preparation. Left hand column—intact side. Right hand 
column—hemisected side. Single shocks of decreasing intensity to proximal portion of severed 
tibial nerve in popliteal fossa. See text. 
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onds, on the hemisected side. Slightly stronger stimuli, as in records 2, caused 
an additional early deflection (A) of 2 millisecond latency on that side, and a 
similar early potential on the intact side as well. With stronger nerve shocks 
(records 1), the increased amplitude was greater in the later deflections on the 
hemisected side, and in the early spike potential on the intact side. 

3. In 8 cats, with upper cervical spinal cord similarly transected 5 to 46 days 
after hemisection, nerves to medial and lateral heads of gastrocnemius were 
freed in both hindlimbs and stimulated electrically by single shocks of varying 
strengths. The resultant action potentials differed considerably on the two 
sides, though unilateral differences between records from L7 and S1 ventral 
roots were not appreciable. 

In 5 of these animals, weak nerve shocks produced reflex discharge on the 
hemisected side, when similar stimuli were ineffective on the intact side. More- 
over, these deflections of lowest threshold on the side of hemisection were poly- 
phasic, with latencies of about 5 milliseconds. With somewhat stronger nerve 
stimulation, earlier spike discharges of 2 millisecond latency appeared at ap- 
proximately the same threshold on both sides. Further increase in stimulus 
strength produced more early discharge on the intact side with comparatively 
meager late response. On the hemisected side, in contrast, reflex enhancement 
with increasing strengths of nerve shock was manifested mainly in greater 
size and duration of the later deflections. Indeed, early spike reflexes on the 
hemisected side, regardless of stimulus strength, never achieved the size of 
those on the intact side. These findings are illustrated in the records of Figure 
7. On the hemisected side (right hand column), only late reflex discharge (B) 
appeared with liminal stimuli (record 4). Similar nerve shocks on the intact 
side were ineffective. Stronger afferent volleys, in records 3, caused in addition 
early deflections (A) on both sides. With further increase in stimulus intensity 
(records 2 and 1), the late potentials grew markedly in amplitude and duration 
on the hemisected side although early spikes (A) never reached the size of 
those on the intact side. Late deflections (B), on the contrary, only became 
evident on the intact side with relatively strong volleys (record 1). 

In the remaining 3 animals, no difference in reflex threshold could be de- 
tected between the two sides. Early and late deflections appeared similarly 
with liminal stimuli. Nerve volleys of increasing intensity, however, always 
caused early deflections of considerably greater amplitude on the intact side, 
and enhanced late discharges on the hemisected side. 

4. In 10 cats with chronic spinal hemisection, similar experiments in the 
acutely spinal state were performed with sural nerve stimulation. No difference 
in reflex threshold could be detected between the sides. In 3 animals, amplitude 
and configuration on the two sides were not appreciably different. In the re- 
maining 7 cats, the reflexes were of greater size and duration on the side of 
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Fic. 7. Action potentials from L7 ventral roots in cat with spinal cord hemisection 
(D8) three weeks previously. Acute spinal preparation. Left hand column—intact side. 
Right hand column—hemisected side. Single shocks of decreasing intensity to proximal 
portion of severed nerve to lateral head of gastrocnemius. See text. 


hemisection. The difference, however, was considerably less than that en- 
countered (see above) with mixed and muscle nerve stimulation. 

For clarity and in summary, the reflex responses on the hemisected sides of 
all animals studied have been plotted in the lower histogram (2) of Figure 3, 
in a manner similar to that used for intact cats. It can be seen, in contrast to 
the results with intact animals, and regardless of nerve or site of stimulation, 
that the reflex discharge of lowest threshold from ventral roots was, with few 
exceptions, of the “‘late’’ variety. 


DISCUSSION 


In anesthetized intact cats, single shocks to tibial nerves rarely cause de- 
tectable H reflex discharge to muscle at thresholds below those of motor axons. 
In acutely spinal preparations, liminal stimuli produce low-threshold reflexes 
in about half of animals and, in most of the remainder, the thresholds of re- 
flex and motor responses are the same. Even under these more favorable con- 
ditions, however, the detectable reflex responses to muscle are readily abolished 
by antidromic volleys resulting from stronger stimuli. The portion, therefore, 
of reflex discharge by impulses in afferent fibers of lowest threshold, which 
can be detected by this method, is considerably smaller than that encountered 
in human studies (2). Reasons for this experimental discrepancy are not clear. 
The much greater size of nerve trunks in man may permit selective stimulation 
of larger bundles of afferent fibers than is possible in cats. This is not, however, 
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complete explanation of the discrepancy since, in cats, anesthesia and high 
spinal cord transection have differing effects on the size of the detectable por- 
tion of the reflex response. This may well suggest that these experimental 
procedures, acute spinal transection and anesthesia, have in themselves in- 
hibitory influence on reflex discharge at lowest threshold. Finally, it remains 
quite possible, due to species differences, that spinal motoneuron pools may be 
fired reflexly in man more effectively than in cats by afferent volleys of lowest 
threshold. 

Despite this dissimilarity it is evident, particularly in acutely spinal prepa- 
rations, that physiological features underlying H reflex responses can be 
studied similarly in cats, and delineated in some respects more precisely than 
in man. When, for example, in intact cats the reflex responses of shocks at 
Group I strength to tibial nerve are recorded from proximal stumps of severed 
ventral roots, two discharges—‘‘early” and “late” are regularly detected at 
some stimulus intensity or another. The early sharp spikes are clearly those 
resulting from monosynaptic discharge of motoneurons (5, 6, 8). The later 
repetitive potentials have likewise been identified as polysynaptic responses 
(5, 6, 9, 10). In a few cats, only these polysynaptic potentials of long latency 
appear at lowest threshold (Fig. 3). In most, however, monosynaptic spikes 
result from liminal shocks. When monosynaptic responses are great, poly- 
synaptic deflections are not prominent; conversely poorly expressed mono- 
synaptic discharge is often followed by well developed polysynaptic poten- 
tials. This reciprocal alternation has also been noted by others (9, 10). 
Undoubtedly a portion of the polysynaptic reflex response is due to activation 
of large afferent fibers, in tibial nerve, from skin. That most, however, cannot 
be so explained on cutaneous sources is suggested by the observations that 
similar polysynaptic deflections appear, and in some animals at lowest 
threshold, when purely muscle nerves are stimulated. 

Evidence of this low-threshold polysynaptic myotatic component is not, 
however, detectable in action potentials accompanying ankle jerks in intact 
animals. Latencies of reflex responses to weak taps are little different from 
those resulting from stronger blows. Apparently, then, with this relatively 
crude means of muscle stretch, the first-appearing monosynaptic component 
dominates the picture regardless of intensity of stimulation. When, however, 
under deep planes of pentobarbital or ether anesthesia, low-threshold reflex 
responses to nerve shocks are abolished, ankle jerks are retained. Under these 
circumstances, reflex mechanisms of higher threshold are seemingly active. 

This division of H reflexes into monosynaptic and polysynaptic components 
is exaggerated after spinal cord hemisection. Immediately after hemisection, 
there is transient marked depression of polysynaptic activity on the side of 
the lesion. Within a few days after operation, however, the converse becomes 
true (Fig. 3). Whether recorded from muscle in the manner employed in man, 
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or from ventral roots, the threshold to reflex response is lower on the hemisected 
side and the potentials with liminal nerve stimuli are of long latency. This is 
not surprising since action potentials of the exaggerated ankle jerks on that 
hemisected side have also, with weakest taps, increased latency. Only with 
stronger shocks, or heavier blows, do additional monosynaptic responses of 
shorter latency make their appearance. Moreover, this increased polysynaptic 
reflex excitability on the hemisected side is expressed, not only by different 
threshold and latency, but also, with increasingly stronger stimuli, by enhanced 
size and duration of response. Again, the role of cutaneous afferent fibers must 
be insignificant since the results of stimuli to muscle nerves differ little from 
those to mixed nerve trunks, and polysynaptic discharge from sural nerve 
stimulation is increased proportionately less. 

It seems, therefore, that after spinal cord hemisection in cats the pattern of 
myotatic activity changes. Enhanced reflex response is largely characterized 
by increased excitability within polysynaptic arcs. No doubt part of this in- 
creased excitability, when strong stimuli are employed, is more apparent than 
real. Certainly monosynaptic discharge is rarely as complete under these con- 
ditions as normally, and thus fewer motoneurons are pre-empted by that 
mechanism. With weaker stimuli, however, it is evident that the lowered 
threshold for polysynaptic discharge on that side is real, despite the fact that 
monosynaptic thresholds are little different on the two sides. 

Mechanisms underlying this altered myotatic reflex pattern in cats by prior 
chronic spinal cord hemisection remain obscure. It has been suggested (10) 
that, under these conditions, the changed reflex pattern reflects plasticity of 
intraspinal organization whereby new mechanisms supplant others which have 
become less effective. Indeed, there is some anatomical evidence (11) to suggest 
that, two or three weeks after hemisection, actual sprouting of dorsal root 
fibers occurs and they may, at that stage, form new synaptic connections. 
In the present studies, the fact that monosynaptic discharge was rarely as 
complete on the side of spinal hemisection as on the normal side might also 
lend certain support to that thesis. The physiological alterations herein de- 
scribed, however, occurred within a few days of hemisection and thus long be- 
fore structural alterations (11) take place. Moreover, only the threshold for 
polysynaptic reflex discharge was altered. That to monosynaptic firing was 
unchanged. Apparently, then, some selective change takes place at interneu- 
ronal level. This change need not necessarily result in new myotatic arcs. It 
might merely, and so seems likely to the present authors, accentuate poly- 
synaptic portions of normally multiple reflex responses. Such would, in fact, 
be anticipated if the alteration were due to interruption of pyramidal path- 
ways which normally in cats terminate at interneuronal, rather than moto- 
neuronal, level (12). It might be that the results of this interruption are due 
merely to removal of normal inhibitory influences, exerted through these de- 
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scending pathways, on polysynaptic reflex mechanisms. Equally well, however, 
they may be due to increased sensitivity of the participating interneurons 
similar to that revealed by pharmacological means (13). 


SUMMARY 


Spinal reflexes resulting from nerve stimulation and tendon tap have been 
studied bilaterally in intact cats, and in cats at various intervals after spinal 
cord hemisection. 

H reflexes to muscle, and tendon jerks, have been shown normally to have 
monosynaptic and polysynaptic components as detected in reflexly discharged 
action potentials led from ventral roots and muscle. 

Immediately after spinal cord hemisection, polysynaptic reflexes are de- 
pressed transiently on the side of hemisection. Within a few days thereafter, 
thresholds of polysynaptic reflex discharge are markedly lowered on the hemi- 
sected side, although those of monosynaptic responses are little altered. 
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In patients with upper motor neuron damage due to lesions of cerebral 
hemisphere or high brain-stem, spinal motoneuron excitability as tested by 
low-threshold afferent nerve volleys is little different from that in normal per- 
sons (1). When, however, similar damage occurs at low brain-stem or spinal 
cord level, the threshold for reflex motoneuron discharge is greatly lowered 
(2). Indeed, under those circumstances, H reflexes evoked by single nerve 
shocks are readily detectable in all accessible muscles. Since some components, 
at least, of H reflexes are monosynaptic (3), it was assumed that the enhanced 
reflex response to electrically-excited afferent volleys found in such patients 
resulted from increased excitability within two-neuron arcs (2). This assump- 
tion seemed reasonable since it was considered that variations in wave form 
and latency of muscle action potentials, which are of several milliseconds dura- 
tion, were due to indiscriminate recording from multiple groups of muscle 
units. 

Since those observations were made in man, however, the validity of the 
assumption has been questioned by the results of comparable studies in cats 
with chronic spinal cord hemisection (4). In those animals the lowered thresh- 
old of reflex response, present on the hemisected side, is due, not to enhanced 
monosynaptic discharge but to more effective polysynaptic excitation of moto- 
neurons by low-threshold afferent nerve volleys from muscle. This is the case 
regardless of whether the afferent volleys result from electrical stimuli to nerve 
or from tendon tap. All records of muscle action potentials from man which 
formed the basis of the previous studies (1, 2) have therefore been re-examined 
with particular attention to the wave form and latency of those deflections 
which appeared at lowest threshold. The object was to determine whether dis- 
tinctive features characterize the records of patients, as well as cats, with 
chronic spinal cord lesions. The experimental methods have been described in 
detail previously (1). 

RESULTS 
Latency of H Reflexes and Ankle Jerks 
I. In normal persons and patients with hemispheral or high brain-stem lesions 


There were 26 normal persons and 18 patients with upper motor neuron 
damage identified clinically as due to lesions at hemispheral or high brain- 


1 Supported by a grant (B-367) from The National Institute of Neurological Diseases 
and Blindness, U. S. Public Health Service. 


236 











ral 


nal 


sh- 


ms 
on 


SES 





STRETCH REFLEXES AND SPINAL CORD LESIONS 237 


stem level. The records of eight of these were of necessity discarded because 
speed of recording or intensity of nerve stimulation were inadequate for ac- 
curate measurement of latency and configuration of the reflex response which 
appeared at lowest threshold. In the remaining thirty-six, the action potentials 
evoked reflexly by just supraliminal nerve shocks had latent periods which 
did not vary beyond the limits of 30 and 32 milliseconds. With stronger nerve 
volleys, this latency was unaltered—the initial deflection increased in ampli- 
tude with or without the addition of succeeding polyphasic waves. With ten- 
don taps, less susceptible to precise grading of intensity, the latent periods 
showed somewhat greater spread between 35 and 38 milliseconds. The longer 
latencies were usually reduced to the shorter values when heavier blows were 
employed. 


IT. In patients with spinal cord or low brain-stem lesions 


The records of 27 patients with chronic lesions of spinal cord or low brain- 
stem were suitable for analysis. In these patients, the configuration of the re- 
flexly-evoked muscle action potentials was distinctive and followed one of two 
patterns. 

In most instances, as shown in the records of Figure 1, weakest effective af- 
ferent nerve stimulation produced two reflex deflections (record 1). The first 
potential (A) had a latency of 30 milliseconds. It was followed by a second, 
more prominent, deflection (B) with a latent period of 38 milliseconds. With 
stronger nerve shocks (records 2 and 3), both deflections gained in amplitude. 
This increase, however, was always more marked with the later (B) potential. 

Less commonly, as illustrated by Figure 2, liminal nerve shocks caused re- 
flex discharge to muscle only after long latent periods. In records 1 and 2, for 
example, the latency (B) was 40 milliseconds. Stronger nerve volleys, as in 
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Fic. 1. Action potentials from calf muscles of patient with spinal cord lesion at 6th tho- 
racic segmental level. Surface electrodes. Single shocks of increasing intensity to posterior 
tibial nerve in popliteal fossa. Stimulus artefact in this and following figure indicated by 
small dot. 
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records 3 and 4, caused additional earlier deflections (A) of 32 millisecond l\at- 
ency. 

In 7 of these patients, action potentials from calf muscles elicited by tapping 
Achilles’ tendon were also available for study. In one patient, latencies of the 
reflex responses to weakest taps ranged from 35 to 38 milliseconds. In all others, 
with comparable light taps, the latent periods were always greater than 40 
milliseconds. More intense blows to Achilles’ tendon caused appreciable short- 
ening of latency. The pattern is illustrated in Figure 3. In record 5, a liminal 
tap produced deflection B after a latency of 44 milliseconds. A somewhat 
stronger blow (record 3) caused an additional earlier potential of shorter latent 
period. In records 2 and 1, more intense stimuli resulted in further decreased 
latency to 36 milliseconds, and increased size of early and late deflections. 
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8 msec. 
Fic. 2. Action potentials from calf muscles of patient with cervical spinal cord damage 
due to syringomyelia. Surface electrodes. Single shocks of increasing intensity to posterior 
tibial nerve in popliteal fossa. 
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Fic. 3. Action potentials from calf muscles of patient with mid-thoracic spinal cord lesion. 
Surface electrodes. Records in sequence show stretch reflex response produced by succes- 
sively weaker taps to Achilles’ tendon. Sweep of cathode ray beam initiated by hammer 
blow. 
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DISCUSSION 


Increased myotatic activity, expressed by enhanced briskness and lowered 
threshold of tendon jerks, is common clinically in patients with upper motor 
neuron damage. When the lesions occur in lower brain-stem or spinal cord, 
thresholds of electrically-evoked H reflexes are also markedly lowered (2). 
In such patients, damage is usually bilateral and thus comparison of reflex ac- 
tivity between sides is impossible. Normal persons or patients with hemispheral 
lesions may, however, be justifiably accepted as control subjects. When that 
was done in the present study, it is apparent that in the control group latencies 
of the muscle action potentials accompanying minimally-detectable H reflexes 
and ankle jerks were remarkably constant. They varied between 30 to 32, and 
35 to 38, milliseconds respectively. Moreover, when stronger stimuli, electrical 
or mechanical, were employed there was little change in these values. In con- 
trast, the results were different in patients with low brain-stem or spinal cord 
lesions. In some instances latencies of the muscle action potentials of H re- 
flexes produced by weakest effective stimuli, and in all but one patient those of 
tendon jerks, were found considerably longer by about 6 milliseconds. In the 
remaining patients, two components—early and late, separated by about 6 
milliseconds—resulted from liminal stimulation. In all, stronger stimuli pro- 
duced composite action potentials with shortest latency within ranges found 
in control subjects. With reference to the late reflex discharge, therefore, the 
electromyographic findings in these patients with spinal or low brain-stem 
lesions were similar to those in cats with chronically hemisected spinal cords 
(4). By analogy, therefore, it seems reasonable to infer that, in these patients, 
polysynaptic myotatic mechanisms were likewise enhanced. 

In this group of patients, however, H reflexes and tendon jerks, when due to 
stimuli sufficiently intense that latencies were shortened to normal values, 
had also thresholds lower than those in control subjects (2). It is evident, 
therefore, that in humans, as opposed to cats, the increased reflex activity 
with spinal cord lesions applies to monosynaptic as well as to polysynaptic 
arcs. Reasons have already been suggested (2) for assuming that the responsible 
damage is to motor pathways descending from brain-stem and possibly through 
medullary pyramids. This species difference between cat and man is perhaps 
to be anticipated on anatomical and physiological grounds. It seems clear that 
if, in cats, descending motor fibers terminate directly on spinal motoneurons, 
the numbers must be few (5, 6). Virtually all end on interneurons. In monkeys, 
however, additional direct synaptic connections with motoneurons occur (7, 8, 
9). Also, in man, there is fairly convincing physiological evidence of similar 
direct termination on motor nerve cells as well as on intermediate neurons 
(10). In humans, therefore, and probably other primates, it appears that both 
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motoneurons and interneurons are affected by damage, in spinal cord or 
lower brain-stem, of descending motor pathways. The resultant lowered thresh- 
old to reflex discharge in man is thus a function of increased excitability in 
more than one myotatic reflex mechanism. 

These observations in man and cats with chronic lesions of the spinal cord 
indicate strongly, therefore, a differentiation of multiple myotatic processes. 
This would certainly allow interpretations of some clinical investigative signifi- 
cance. It is reasonable to infer that this fractionation of reflex response, under 
these pathological conditions, represents merely potentiation of reflex processes 
which are normally operative. H reflexes recorded from muscle, in contrast toa 
previous interpretation (3), must probably be regarded in normal man, as 
well as in patients with spinal cord or low brain-stem lesions, as monosynaptic 
and also polysynaptic responses to afferent volleys of lowest threshold. Whether 
or not tendon jerks employ, in addition to these mechanisms, myotatic reflexes 
of higher threshold (4), or merely differ from H reflexes in gamma efferent con- 
trol of their receptor organs (12), is not known. 


SUMMARY 


Latencies of muscle action potentials accompanying H reflexes and tendon 
jerks have been compared in control persons and patients with upper motor 
neuron damage due to lesions in spinal cord or low brain-stem. 

In ankle jerks resulting from light taps in all but one patient, and liminal 
H reflex discharges in some, latencies were greater, by several milliseconds, in 
the patients with spinal cord or low brain-stem damage. Stronger stimulation 
shortened latent periods to normal values by the addition of earlier deflections. 
In the remaining patients, early and late deflections resulted from liminal 
stimulation and increased proportionately with stronger stimuli. The lower 
threshold to effective reflex response in these patients is due to enhancement 
of both monosynaptic and polysynaptic mechanisms. 
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Two striking changes may occur in the arterial blood during left ventricu- 
lar failure: a lowering of the oxyhemoglobin saturation, and the development 
of respiratory alkalosis (1). These changes are closely related to the ventila- 
tion and perfusion of the lungs (2). When left ventricular failure occurs in a 
patient with severe obstructive emphysema, a respiratory acidosis similar to 
that seen when pneumonia is associated with emphysema (3) may develop. 
This paper deals with the physiologic mechanisms and treatment of some of 
these alterations. 

Acid-base changes, basal metabolism and ventilation measurements in pa- 
tients with heart disease were reported in a series of papers between 1914 
and 1917 (4, 5) by Francis Peabody, but suffered from the lack of arterial 
blood studies. It was not until Stadie proved arterial puncture to be safe 
around 1919 (6) that a technique was available to study arterial blood di- 
rectly. Haldane and Barcroft had already devised simplified methods for 
determining blood gases, but after 1924, Van Slyke’s method was widely 
used (7). 

Harrop (8) in 1919 and Meakins (9) studied both arterial and venous blood 
during heart failure, showing that there was frequently decreased oxygena- 
tion of the venous blood. Although the majority of patients in left ventricu- 
lar failure show a normal degree of arterial saturation, and a normal or low 
carbon dioxide content, certain cases were observed in which there was carbon 
dioxide retention (10). 

Because the acid-base balance has not been studied seriatum during re- 
covery from heart failure and because new concepts of distribution and per- 
fusion of the lungs (11, 12) have not been applied to patients in heart failure, 
the present study was undertaken. 


Methods: All studies of ventilation and oxygen consumption were done in the post- 
absorptive state after at least one-half hour of rest in bed. The arterial blood was analyzed 
for oxygen and carbon dioxide pressure by the method of Riley, e¢ al. (13). We consider this 
method more accurate in demonstrating small changes in the degree of oxygenation of arterial 
blood than the determination of saturation. This is particularly true above 90 per cent 
saturation where the oxygen dissociation curve is nearly flat. 

Carbon dixoide content was determined by the method of Van Slyke and Neill (7). The 
pH was estimated by the use of the nomogram of Singer and Hastings (14). Expired air 
was collected in a Tissot spirometer and analyzed by the method of Scholander (15). 
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Material: Thirty-seven patients with heart disease in various degrees of heart failure 
were studied. Some were studied only once, others repeatedly. The patients were then divided 
into four groups. 

Group I. All patients in this group had basilar rales at the time of at least one study and 
no clinical evidence of pulmonary emphysema. There were six such patients (Cases 1-6). 
Most of them had hypertensive cardiovascular disease or arteriosclerotic heart disease. One 
had syphilitic aortic insufficiency. This group is made up of patients in mild to moderate 
left ventricular failure and includes no patients with severe pulmonary edema at the time 
of study (Chart 1). Some of these patients were studied after pulmonary rales had disap- 
peared, and these studies are included to show the pattern of changes with improvement in 
cardiac compensation. 

Group II. All patients in this group were in compensated cardiac failure to the extent 
that none had basilar rales at the time of study. The diagnoses in this group were varied. 
There were patients with arteriosclerotic heart disease, myocardial infarction, myocarditis, 
syphilitic aortic insufficiency and rheumatic heart disease. There were fifteen patients (Cases 
7-21). A few had some evidence of right ventricular failure (Chart 2). 

Group III. This group is made up of three patients (Cases 22, 23 and 24) who had acute 
and very severe pulmonary edema at the time of study. Two died on the day of study, and 
severe pulmonary edema was confirmed at autopsy in one patient. All had myocardial 
infarctions either old or recent (Chart 3). 

Group IV. This group consists of thirteen patients (Cases 25 to 37) all of whom had 
clinical evidence of pulmonary emphysema, and, in addition, arteriosclerotic heart disease, 
hypertensive cardiovascular disease, rheumatic heart disease or non-specific myocarditis. 
All patients in this group showed either an enlarged heart, hypertension, electrocardiographic 
or autopsy evidence of left ventricular heart disease (Chart 4). 


Results: Group I: The general pattern of the acid-base findings is demon- 
strated in Chart 5. With few exceptions patients tended to have a low arterial 
blood carbon dioxide pressure (Pco,) and arterial blood carbon dioxide con- 
tent (Ceo,) with respiratory alkalosis when basilar rales were heard in the 
lungs. The arterial blood oxyhemoglobin saturation tended to be just below 
normal limits. The arterial blood oxygen tension (Po,) was usually markedly 
depressed. Except when initial Po, was very low, there was little tendency 
for Po, to rise with improved compensation. Where ventilatory and oxygen 
consumption studies were done, both were well above normal figures. 

With improvement in cardiac compensation, there was tendency for the 
pH to return toward normal, but this change did not occur universally. The 
most consistent change with clearing of the lungs of rales and loss of edema 
was a drop in ventilation and oxygen consumption. 

Certain exceptions to the above generalizations will be noted in Chart 5. 
In Case 1, the pH was low normal on the first study. The Cco,, however, was 
low and Pco, was normal. The study was performed late in the afternoon. 
The patient had been ambulatory in the outpatient clinic during the entire 
day. The study was done after one-half hour’s bed rest. The explanation ap- 
pears to be that while the patient was ambulatory, hyperventilation was 
marked. It was associated with a low Pco., respiratory alkalosis and a com- 
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|Patient, Age, Color,) 
Sex, Hist. #, Ad- | 
mission Date 


1 | T.P. 64 WM 


176375 
11-5-53 


2 | C.B. 55 CM 


175430 
10-6-53 


3 |} CEH. 2 


181698 
4-12-54 


DOUGLAS CARROLL 


CHART 1 








Heart 
Heart Size 
Size by 
} X-ray 


E.C.G. 


++ | ++ | P.M.LO. 


| ++ | ++ | L.V.H. 


1 WM Tr? } P| 


10-14-55 


4 | A.B. 67 CM 


193814 
2-15-55 


wm 


182407 
5-5-54 


6 | M.G. 64 WF 


179787 
2-15-54 


D.L. 38 WM N 


+++| L.B.B.B. 


5-5-54 


++ P.A.T. 


2-15-54 


cons 


* Key to charts: 


A.E. = Ankle Edema 

+ = Mild 

+ an = Moderate 

+++ = Severe 

++++ = Massive 

Digitalis 

S = Started but incomplete 

C = Digitalization just completed 

M = Maintenance 

E.H = Enlarged Heart 

+ = Slight enlargement 

++ = Moderate enlargement 

+++ = Marked enlargement 

— = Not Recorded 

Electrocardiogram 

L.V. = Low Voltage 

P.M.I1.0. = Posterior Myocardial Infarc- 
tion, Old 

P.M.I.A. = Posterior Myocardial Infarc- 
tion, Acute 

A.M.1.0. = Anterior Myocardial Infarc 
tion, Old 

S.T. = Non-specific ST and T wave 


changes 


Diagnosis 


| H.C.V.D. | 


A.S.H.D. 


A.S.H.D. 


| S.A.L. 


A.M.LA. | 


A.S.H.D. 


H.C.V.D. 


| A.S.HLD. 


P.A.T. 


Date of 
Death 


Clinical Data, Diagnosis and Autopsy Findings on Patients in Group I* 


Autopsy Finding 


10-24-56 | No Autopsy 


2-16-54 


No Autopsy 


No Autopsy 


= Left Ventricular Hypertrophy 
= Paroxysmal Auricular Tachy- 


ll 


cardia 

Delayed Precordial Transition 
Left Bundle Branch Block 
Auricular Fibrillation 


= Normal 


Hypertensive Cardiovascular 
Disease 

Arteriosclerotic Heart Disease 
Rheumatic Heart Disease 


= Mitral Insufficiency 


= Mitral Stenosis 


i] 


Aortic Stenosis 

Syphilitic Aortic Insufficiency 
Myocarditis 

Puimonary Edema 
Obstructive Emphysema 
History of Asthma 

Pulmonary Embolus 

Brain Embolus 

Periodic Breathing 
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Patient, Age. Color, 
Sex, Hist. #, Ad- 
mission Date 


J.H. 70 WM 
195997 
4-6-55 


J.S. 49 CF 
178947 
1-20-54 

A.P. 53 WM 
180113 
2-24-54 

L.J. 39 CF 
183066 
5-26-54 

L.K. 55 WM 
181316 
3-31-54 

J.R. 38 WM 
184752 
7-12-54 

L.R. 63 WM 
181672 
4-12-54 

E.P. 50 CM 
187194 
9-8-54 

A.K. 66 WM 
200063 
7-11-55 


C.R. 37 CM 
| 197028 
5-2-55 
| R.J. 67 CF 
| 215950 
7-16-56 
M.W. 34 WF 
| 179102 
| 1-25-54 
| A.W. 23 CF 
189782 
| 11-10-54 
| J.D. 17 WF 
| 228893 
| 6-30-55 
M.H. 
| 181385 
| 8-19-54 


CHART 2 
Clinical Data and Diagnosis and Autopsy Findings 


E.C.G. 


A.M.L.0. 


A.M.LA. 
2-24-54 


S.T 
A.F. 


P.M.LA. 


| 3-31-54 


P.M.L.A. 
7-12-54 


A.M.LA. 
4-12-54 


S.T. 


P.M.LA. 


| 7-11-57 


| wreart | Size’ | 
[OS [eae | 
+ |+++ 
++4+\4++4 
+ | + 
> + 
N 
N +. 

+ | + 
+++l++4 
a 
++ |+++ 
+++/++4 

| 
nN | N 
+ | + 
Ini nl 
N | N 


L.V.H. 
ALF. 
S.T. 
DP-i. 


R.V.H. 


Date of 


Death Autopsy Finding 


Diagnosis 


H.C.V.D.| 49-55 a) Arteriosclerosis of the 
Coronary Arteries. b) 
Acute Myocardial Ne 
crosis Posterior Wall, 
Left Ventricle; c) Pul- 


monary Edema; 4d) 
Pulmonary Emphy 
sema, mild. 
R.H.D 
M.I. 
A.S. 
| A.S.H.D. 
B.E. 
3-15-54 
R.H.D. 
M.I. 
M.S. 
A.S.H.D. | 49-54 No Autopsy 
A.S.H.D. 
| A.S.H.D. | 
H.C.V.D. | 
S.A.L. 9-18-55 | No Autopsy 
| AS.H.D.| 7-1455 | a) Acute Thrombosis 
Left Circumflex Coro- 
nary; b) Acute Myo- 
cardial Necrosis 
Posterior Wall, Left 
Ventricle; c) Pulmo- 
nary Emphysema. 
| M. 
} } 
A.S.H.D. | 
R.H.D. 
M.S. 
R.H.D. 
M.S. 
| 
R.H.D. 
M.S. 
R.H.D. 
M.S. 


bn 
> | 
wn 
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CHART 3 
Clinical Data, Diagnosis and Autopsy Findings in Group III 
: . Heart | Par 
Patient, Age, Color, H | “Si | . , : Date of ine 
| ——— . Be _ az | E.C.G Diagnosis Seneh Autopsy Finding 
22 | GL.71 WF | N | + A.M.L.O. | H.C.V.D. 
175658 
10-13-55 
5-3-55 
23 | C.C. 78 WM | + | A.M.LA. | AS.H.D. | 3-18-54 | No Autopsy 
180871 | 3-18-54 | 
3-18-54 | 
24 | B.D. 42 WM — | _ | H.C.V.D.; 10-7-54 | a) Thrombus Anterior 
| 188412 | HLA. Descending Branch, 
10-7-54 Left Coronary Artery; 


b) Myocardial Infarc- 
tion Healed, Anterior 
Septum; c) Acute Pul 
monary Edema. 


pensatory lowering of the Cco,. When the patient was allowed to rest in bed, 
ventilation decreased, and the Poo, returned to normal. The Cco,, however, 
was regulated more slowly, resulting in a low normal pH. 

In Case 3 the production of a rather marked respiratory alkalosis by an 
acute pulmonary embolus is illustrated. Ammonium chloride apparently had 
little effect on the acid-base balance in Case 1, but in Case 2, when it was 
first given, a moderate metabolic acidosis resulted. 

This group differs from Group II in the fact that a study happened to have 
been carried out while the patient had moist rales at the bases. The studies 
in Group I demonstrate serial changes occurring in the blood with clinical 
improvement in heart failure. In Group II no patients had pulmonary rales 
at the times of study. Combining Group I and II we can average the values 
of individual studies where the patients showed basilar rales, and when the 
lungs were clear. Chart 9 shows the mean values in the different studies of 
patients in mild pulmonary edema (Group I), patients with no signs of pul- 
monary edema, (Groups I and II), acute massive pulmonary edema (Group 
III) and heart failure with pulmonary emphysema (Group IV). 

The histories on several of the patients whose studies are depicted in Chart 
5 follow: 


Case 1: T.P. (B.C.H. #176375) a 64 year old Norwegian seaman entered the Baltimore 
City Hospitals on November 5, 1953 complaining of severe dyspnea and ankle swelling. 

About six months prior to admission he first noted shortness of breath on exertion. The 
dyspnea increased, and later orthopnea, paroxysmal nocturnal dyspnea, ankle and adbominal 
swelling developed. There had been no chest pain. 

Examination showed a temperature of 100° F., a pulse rate of 100, respirations of 30, 
and a blood pressure of 170/110. He was extremely dyspneic and orthopneic. The neck 
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CHART 4 
Clinical Data, Diagnosis and Autopsy Findings in Group IV 
2 
PSen, tliat @, Ad Color 7 | "Se | E.CG | Diagnosis | Date of Autopsy Findings 
mission a | x. “ray | = 
2 |J.K.50WM | N —_ P.M.LA. | O.E. 
| 183249 | | 5-31-54 | A.S.HLD. 
5-31-54 
26 | C.W. 47 WM | | ++ +++) L.B.B.B. O.E. 9-8-56 a) Diffuse non-specific 
215783 | M. Myocarditis; b) Pul 
| 7-12-56 | | monary Emphysema. 
27 | M.D. 59 WM |+++/+++4+) S.T. | O.E. 3-23-54 | No Autopsy 
erior 19691 | R.H.D. 
nch, 3-18-54 | AS. 
ery; 2 |jS.85WM | N|N | PMIA./ AS.HLD. 
farc- | 174888 10-21-53 | O.E. 
erior | 10-21-53 | 
Pul 29 | M.K. 52 WF | ++/| — | AMA. | AS.HLD. 
178751 1-15-54 | OE. 
1-15-54 | 
30 | M.W. 65 WM| + N | ST. | O.E. | 5-24-54 | a) Acute Thrombosis of 
ed, 182064 | A.S.H.D. Right Coronary Ar- 
ver, 4-23-54 tery; b) Pulmonary 
Emphysema; c) Right 
Ventricular and Auric- 
an ular Hypertrophy and 
had Dilatation; d) Arterio- 
sclerosis of all Coronary 
was Arteries; e) Myocar- 
dial Fibrosis. 
ave 31 | F.H. 65 WF + + | ST. | O.E. 
ties 178185 A.S.H.D. 
| 12-29-53 | | 
ical 32 | W.F.62WM | + | ++/DPT. | OF. 8-6-55 | a) Pulmonary Emphy 
iles 200472 A.S.H.D. | sema; b) Coronary 
ues 7-20-55 Arteriosclerosis; c) Dif 
fuse Myocardial Fibro- 
the sis; d) Pulmonary 
; of | Edema. 
-y 33 | C.D. 53 CM | N | +4+| ST. | O.E. 1-3-54 | a) Silicosis; b) Emphy 
177725 D.P.T. | H.C.V.D. sema; c) Right Ven- 
“_? 12-15-53 | tricular and Auricular 
Hypertrophy and Di- 
art latation. 
34. | J.H.73WM | N| N [IN | OE. 1-24-57 | a) Thrombosis, Recanal 
59141 | A.S.H.D. ized, Right Circumflex 
_ 1-31-56 | Coronary Artery; b) 
Infarction, Old, Pos 
terior Interventricular 
The Septum; c) Cardiac 
inal Hypertrophy, Gener- 
alized; d) Pulmonary 
30, Edema; e) Pulmonary 
eck | Emphysema. 
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CHART 4 (Continued) 























5-7-57 


Patient Age, Color, | Heart | | 
Sex, Hist. , Ad- , = | 2, | E.C.G. | Diagnosis | yy | Autopsy Finding 
35 | R.T. 40 WM ++ N | ST. O.E. 
215676 | | H.C.V.D. | 
7-9-56 | 
36 | C.H. 55 WF + + — O.E. 
222817 H.C.V.D 
12-29-56 
37 | EW. 62 CM | + ~ — O.E. 5-11-57 | a) Pulmonary Emphy- 
228107 | H.C.V.D. | |} sema; b) Concentric 


Hypertrophy, Left 
Ventricle; c) Dilata- 
tion of Right Auricle 
and Ventricle; dd) 
Acute Pulmonary 
Hemorrhage Second- 
ary to Bleeding from 
Tracheotomy. 








veins were distended, and there was severe ankle edema. The heart was enlarged to the 
anterior axillary line. The rhythm was regular. There was a harsh systolic murmur over the 
entire precordium, loudest at the base and transmitted into the neck vessels. There were 
medium moist rales at the lung bases posteriorly. 

The liver was felt six centimeters below the right coastal margin. There was shifting 
dullness in the abdomen with a fluid wave. There was leg edema to the hips. 

The serological test for syphilis was negative. The routine blood and urine studies 
were normal. The electrocardiogram was compatible with an old posterior myocardial in- 
farction although no history suggestive of this condition could be obtained. The chest 
roentgenogram showed a boot-shaped heart with prominence of the pulmonary markings. 

The patient was placed on a low salt diet, was fully digitalized and given intermittent 


thiomerin. On this regimen he lost weight rapidly (Chart 1) and was able to leave the hospital 
on December 2, 1953. 


Comment: This 64 year old man had hypertensive and arteriosclerotic heart 
disease with possible aortic stenosis and was in severe left and right-sided 
heart failure when he entered the hospital. Chart 5 shows the return of ven- 
tilation, pH and carbon dioxide pressure toward normal with loss of the 
edema. The effect of the thiomerin given on the first day is impossible to 
assess because he was concomitantly put on bed rest, a low salt diet and 
digitalis. 

It is of interest, however, that the diuresis during the first two days was 


not as extensive as those obtained following thiomerin on November 14 and 
20 when the pH was normal. 


Case 2: C.B. (B.C.H. #175430) a 55 year old negro came to the Baltimore City Hospitals 
on October 6, 1953 complaining of shortness of breath and a cough of three weeks’ duration. 


CrmtA 





ho Had Basilar Pulmonary Rales at the Time of Study (Group 1) 


Physical Findings and Laboratory Data in Patients W 
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250 DOUGLAS CARROLL 


He had been well until 1947 when he developed cardiac failure and was treated at another 
hospital with a low salt diet, digitalis, and periodic mercurial diuretics. 

Approximately one month prior to admission the shortness of breath became worse, there 
was orthopnea and paroxysmal nocturnal dyspnea of increasing severity. 

Examination on admission showed a temperature of 100.6° F., a pulse rate of 100, respira- 
tions of 30 and a blood pressure of 160/108. The patient was orthopneic and dyspneic. The 
neck veins were distended, and there was moderate ankle edema. The heart was enlarged to 
the left. The rhythm was regular. There were no murmurs. There were medium moist rales 
at both bases posteriorly. The liver edge was felt six centimeters below the right costal 
margin. 

The serological test for syphilis was positive with a titer of 16 units. Routine blood and 
urine studies were not remarkable. The electrocardiogram was compatible with left ventricu- 
lar hypertrophy. The chest roentgenogram revealed an enlarged boot-shaped heart with 
moderate pulmonary congestion. 

The patient was placed on a low salt diet, digitalis 0.1 gm. daily, ammonium chloride 
0.8 gm. daily four days each week, followed by intramuscular thiomerin. On this regimen, 
he improved rapidly, lost 17 pounds and was discharged on the fifteenth hospital day. He 
received penicillin for syphilis. 


Comment: This 55 year old negro, with hypertensive cardiovascular disease 
and heart failure of six years’ duration responded well to a low salt diet and 
mercurials. The studies (Chart 5) show that he was in severe respiratory 
alkalosis on admission. The pH, carbon dioxide tension and ventilation re- 
turned toward normal with treatment. On discharge, however, when he was 
asymptomatic, his ventilation was still twice the normal value. 

Group IT: This group differs from Group I in that there was no evidence of 
pulmonary congestion. No rales were present at the lung bases at the time 
of study. A few had orthopnea and some had ankle edema. In general, respi- 
ratory alkalosis was less frequent than in patients who had rales at the lung 
bases, and minute ventilation was not as great. 

The patient listed as Case 12 had a severe posterior myocardial infarction, 
but had no signs or symptoms of heart failure. On March 15, 1954 there was 
a cerebral embolus, and the patient became comatose. A study done on this 
day showed a marked respiratory alkalosis caused by the hyperventilation 
associated with a cerebrovascular accident. The respiratory acidosis in Case 
19 may have been associated with pregnancy. The history of a patient in this 
group follows. 


Case 8: J.S. (B.C.H. #178947) a 50 yearold colored woman was admitted to the Balti- 
more City Hospitals on January 20, 1954 complaining of ankle swelling and shortness of 
breath of three weeks’ duration. The patient had rheumatic fever as a child. 

The present illness started three weeks prior to admission with ankle edema. Swelling of 
the abdomen followed, and there was finally dyspnea and orthopnea. 

On examination the patient had a temperature of 98.8° F., a pulse rate of 128, respirations 
of 28, and a blood pressure of 164/90. She was extremely orthopneic. There was edema of the 
right arm, the legs, and the lower abdominal wall. There were signs of a pleural effusion on 
the right. The heart was tremendously enlarged, the point of maximal impulse being in the 
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midaxillary line. The rhythm was regular. The second aortic and second pulmonic sounds 
were of equal amplitude. There was a grade II systolic murmur at the base and at the 
apex. There was a soft short diastolic murmur in the pulmonic area. 

Because of edema of the abdominal wall, it was impossible to be certain about the size of 
the liver or the presence of fluid. 

Blood and urine studies were not remarkable. The serological test for syphilis was positive. 
The electrocardiogram showed non-specific ST segment and T wave changes. 

The patient was thought to be suffering from rheumatic heart disease with mitral in- 
sufficiency, aortic stenosis and possibly aortic insufficiency. 

She responded well to bed rest, a low salt diet and digitalis. The weight fell from 214 to 
147 pounds. 


Comments: The studies (Chart 6) show that there was moderate respiratory 
alkalosis and a low arterial blood oxygen tension on January 21. Ammonium 
chloride given on January 26 brought the pH back to normal. On January 
29, pH and oxygen tension had returned to normal. A gram of Diamox on 
February 2 and 3 caused a moderate metabolic acidosis without any change 
in the oxygen tension. On February 11, the pH and oxygen tension were 
normal. 

Group IIT: Studies performed on three patients in severe pulmonary edema 
(terminal in two) showed an unusual pattern. The Peco, was normal or high; 
the Ceo, was relatively low; in two patients the Ceo, was below the normal 
limit. The changes resulted in a low pH. One patient (Case 22) survived the 
attack of pulmonary edema. Three studies performed while the patient re- 
mained in the hospital demonstrated a fall in the Pco, with return of the pH 
to normal. A study performed 19 months after the episode of pulmonary 
edema was normal except for decreased Po,. All patients demonstrated re- 
duced oxyhemoglobin saturation. Case 24 had a history of asthma of several 
year’s duration. Yet on physical examination and at autopsy there was no 
evidence of pulmonary emphysema. 

Group IV: All patients in this group had clinical evidence of pulmonary 
emphysema. In three (Cases 25, 26 and 27), this evidence was only an increase 
in anterior-posterior chest diameter, low diaphragms and a hyperresonant 
percussion note. These three patients had normal or high Peo, at the time of 
study, but the low or relatively low Ceo, suggests that they had previously 
been hyperventilating and had recently started ventilating normally. These 
patients had low pH. 

The remainder of the patients in Group IV had elevated Ceo, suggesting 
prolonged alveolar underventilation. 

It is impossible to be certain of the significance of basilar rales in these pa- 
tients and to differentiate the part played in the clinical situation between 
left ventricular failure and chronic or acute lung disease. As might be expected 
in such a complex clinical situation, the acid-base balance was variable. A 
high Coo, and Peo, was associated with the more severe degrees of obstructive 
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emphysema, but the ratio between these two parameters, as shown in the 
pH, was quite variable. Where the pH was very high in the presence of a high 
Cco2, there must have been recent relative alveolar hyperventilation possibly 
induced by recent left ventricular failure. Where the Coo, was elevated and 
the pH was low, there must have been recent relative alveolar hypoventila- 
tion associated with bronchial obstruction, possibly caused by broncho- 
spasm, bronchiolar edema or bronchiolar infection. To differentiate cardiac 
from pulmonary mechanisms affecting ventilation in this situation seems 
impossible. 
DISCUSSION 

Changes in the acid base balance and the oxygen tension of arterial blood 
are closely related to the adequacy of alveolar ventilation, to the activity of 
the kidney in response to changes in Peo, and pH, and to the distribution of 
air to the various parts of the lungs. 


I. Alveolar Ventilation, Pco, and Acid-Base Balance in Heart Failure 


Although a large number of variables affect the alveolar carbon dioxide 
pressure slightly (16), alveolar hyperventilation is the immediate cause of the 
respiratory alkalosis of heart failure. 

Since the arterial and alveolar carbon dioxide tension are equal, a rise in 
alveolar ventilation results in a lowering in arterial Poo,. The pH therefore, 
tends to rise and produces a respiratory alkalosis. The situation in respiratory 
acidosis is the exact opposite of the present situation and has been discussed 
in detail previously (3). 

Charts 9 and 10 record the physiological patterns present in the different 
clinical situations. 


Patients in Cardiac Failure with Basilar Rales 


In this clinical situation there is alveolar hyperventilation (Chart 10). 
Respiratory alkalosis is the rule (81 per cent of the studies) and it is usually 
uncompensated. The uncompensated nature of the alkalosis emphasizes the 
instability of the acid-base situation in patients in inadequately compensated 
heart failure. Alveolar ventilation may change rapidly depending on changing 
states of exertion, position in bed, response to therapy, and degree of appre- 
hension. pH depends on the ratio of bicarbonate to carbonic acid. Since bi- 
carbonate changes relatively slowly compared to carbonic acid, and since 
carbonic acid levels are instantaneously changed by changes in alveolar ven- 
tilation, one might expect wide variations in the pH in heart failure. 


Patients in Cardiac Failure Without Basilar Rales 


In this situation the pattern is similar to that where cardiac failure is more 
marked, but more studies showed normal values. A little more than half the 
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CHART 9 


Range, Mean Values and Standard Deviations of Arterial Blood Values in Different Groups 








With Rales Without Rales Group 4 
eee ESR ee = 
Po, Number of Observations 11 44 24 
Range 41-103 50-110 36-96 
Mean 77 80 62 
S.D. 18 12 17 
Poo, Range 22-40 21-44 33-67 
Mean 30 35 47 
S.D. 6 5 8 
Coo, Range 15.54-22.12 17.26-24.34 | 17.64-38.69 
Mean 18.99 20.64 25.16 
S.D. 2 1.7 + 
pH Range 7 .28-7 .62 7 .32-7.60 7.21-7.58 
Mean 7.48 7.44 7.40 
S.D. 35 07 .28 
B.B. Range 40-52 42-53 40-70 
Mean 48 47 51 
S.D. 3.6 $5 7 
CHART 10 


Ventilatory, Acid-base and P», Findings in Various Clinical Conditions 








Studies 








Respiratory == Metabolic 











Type of Patient Ventilation Acidosis alosis 
< Un- . ~ Stoltes 
Normal| .1- ,| De- | com- | Com- | Uncom-| Com- | acide. | Atka- | ~°* |" 
creased | creased . sated | sated | sated sis losis 
Heart Failure with 
Basilar Rales 3 8 6 2 2 5 11 
Compensated Heart 
Failure Without 
Basilar Rales 28 25 5 11 12 14 32 53 
Cardiac Pulmonary 
Edema 1 2 3 3 >; 2 
Heart Disease and 


Emphysema 10 2 12 8 6 


6 S 8 22 | 24 


patients had normal alveolar ventilation, as judged by the Pgo,. Alkalosis 
was again a prominent feature (62 per cent of studies) but the proportion of 
studies showing compensated respiratory alkalosis was increased. 

Eleven per cent of the studies showed an uncompensated respiratory acido- 
sis, suggesting that alveolar ventilation was decreasing in comparison to its 
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previous state, thus shifting the bicarbonate-carbonic acid ration toward a 
lower pH. This finding is what might be expected in rapid cardiac compensa- 
tion. 


Patients with Severe Cardiac Pulmonary Edema 


There were several surprising findings in the studies performed during 
severe pulmonary edema. One might expect to find a marked uncompensated 
respiratory alkalosis with marked hyperventilation in patients with pul- 
monary edema. In Cases 22 and 24 the Ceo, was indeed slightly low, suggest- 
ing that there had been a respiratory alkalosis in the past. In all three studies 
however, the Peo, was high in relation to Coo,, resulting in a low pH or un- 
compensated respiratory acidosis. In Cases 23 and 24, Poo, was elevated. 
These findings suggest that there had been hyperventilation with respiratory 
alkalosis in the past, but with the development of severe overwhelming pul- 
monary edema, alveolar ventilation was decreased. Case 24 had a history of 
asthma, and it is quite possible that cardiac pulmonary edema may precipi- 
tate bronchospasm in patients with asthma. The recent demonstration (17) 
of increased airway resistance during expiration in patients with pulmonary 
edema as well as the clinical findings of wheezing and the dramatic response 
to aminophylline in some patients suggests that bronchospasm is commonly 
associated with cardiac pulmonary edema. 


Patients with Cardiac Disease and Pulmonary Emphysema 


In this group the findings were much more variable, as one might expect 
in a situation where cardiac failure is tending to produce hyperventilation 
with respiratory alkalosis, and obstructive emphysema is tending to produce 
alveolar underventilation with respiratory acidosis. From a clinical standpoint, 
it was difficult to assess what part the heart and lungs were individually play- 
ing in the production of symptoms. It is evident from the studies that in 
Cases 25, 26 and 27 the emphysema did not play as significant a physiological 
role as it did in Cases 28 to 37. In the latter cases, however, it is difficult to 
assess what part the heart played. 


Therapeutic Considerations in Relation to Alveolar Ventilation in 
Heart Failure 


Respiratory alkalosis may be combatted either by reducing ventilation or 
by producing a metabolic acidosis. Ventilation may be reduced by the use of 
morphine, and, in some cases, by inhalation of a high oxygen mixture. This 
type of therapy is most appropriate in acutely dyspneic patients in severe 
heart failure. Ammonium chloride and Diamox are effective in promoting a 
metabolic acidosis. The use of oxygen, morphine and acidifying agents is 
theoretically sound for the correction of the acid-base balance and is also 
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empirically effective in the promotion of diuresis and relief of anxiety and 
dyspnea. 

These measures (use of oxygen and morphine) have also proved to be help- 
ful empirically in the treatment of severe pulmonary edema (Group III). If 
the findings present in all three patients in Group III are representative, one 
might expect morphine to further reduce ventilation and increase the respira- 
tory acidosis. We have no assurance that these studies are representative, 
however, and suspect that they may be the findings in terminal and generally 
irreversible pulmonary edema. Studies before and after the use of morphine 
and oxygen are clearly indicated in severe pulmonary edema to elucidate 
this problem. It may be that bronchospasm is relieved by morphine and oxy- 
gen, so that the reduction in ventilation observed clinically is not a direct 
effect of the morphine depressing the respiratory center, but of an improve- 
ment in airway obstruction with an actual increase in alveolar ventilation. 
The fact that aminophylline, (which acts as a bronchodilator) may decrease 
ventilation, indicates that ventilation is not depressed by central mechanisms 
but is improved because obstruction is relieved. 

In emphysema associated with heart failure, the situation is different since 
chronic hypoventilation is present. Where obstructive emphysema is suspected 
in a patient with heart disease, morphine and oxygen are to be avoided at all 
costs. The depression of respiration caused by these agents may be fatal. In 
a situation where it is not clear whether a patient has emphysema with an 
acute pneumonia or bronchitis or whether there is left ventricular failure, it 
is best to concentrate on the use of bronchodilators, particularly aminophyl- 
line, until a carbon dioxide content or carbon dioxide tension of arterial blood 
can be obtained to elucidate whether respiratory acidosis is present. 


II. Distribution of Air Within the Lungs and Po, 


A large number of variables affect the arterial blood oxygen tension (18). 
The homogeneity of the distribution of inspired air is the main factor influenc- 
ing alveolar oxygen tension (19). If the inspired air goes to all alveoli in a 
uniform manner, all blood passing through the lungs will be fully oxygenated 
and arterial P,, will be normal. If some areas of the lungs are not well ven- 
tilated with each breath, mixed venous blood will pass through the lungs with- 
out being fully ventilated, and arterial Po, will be low. 

The patients studied in this series tended to have low or normal arterial 
blood oxygen tensions. There was some improvement in the oxygen tension 
as compensation occurred but there was never a rise to high normal levels 
which one might expect with comparable hyperventilation in normal subjects. 
This finding suggests that inhomogeneity of ventilation existed in the lungs 
of these patients despite full clinical cardiac compensation. We have described 
this finding in patients with mitral stenosis (2) and have suggested that the 
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unequal ventilation of the lungs may be secondary to subclinical edema of 
the bronchi. 

Charts 9 and 10 summarize the findings in the different groups. The mean 
oxygen tension was lowest when emphysema was associated with heart dis- 
ease (62 mm. Hg.), highest in compensated heart failure (80 mm. Hg.) and 
intermediate when pulmonary rales were present. The Po, was low in all pa- 
tients in severe pulmonary edema (Group III) in 92 per cent of Group IV, in 
73 per cent of those with basilar pulmonary rales and in 73 per cent of those 
in cardiac compensation. 


Therapeutic Considerations in Relation to Po, 


The inhalation of high oxygen mixtures in all these situations will, of course, 
elevate the arterial blood saturation. It has been suggested above that full 
saturation may promote underventilation when chronic carbon dioxide re- 
tention is present, but in all other situations it is probably beneficial. 

Taking all the studies into consideration, the rapid changes occurring in 
the acid-base balance as patients go into and recover from cardiac failure are 
apparent. Alveolar ventilation is a quickly changing parameter being fol- 
lowed sluggishly by changes in carbon dioxide content. Since pH is the re- 
sultant of the ratio between bicarbonate and carbonic acid, it will be changed 
immediately by variations in ventilation and more slowly compensated by 
renal mechanisms. Thus, sudden left ventricular failure, undue exertion, anxi- 
ety or other mechanisms that might produce hyperventilation throw the pa- 
tient into uncompensated respiratory alkalosis. After several hours, provided 
ventilation remains steadily increased, compensation of the alkalosis will 
result. If the ventilation is now suddenly decreased relative to its recent vol- 
ume, a respiratory acidosis will occur with a low carbon dioxide content. 


SUMMARY 


Studies of the acid-base balance and oxygen tension of arterial blood have 
been performed in a series of patients in various degrees of heart failure. Some 
patients have been followed over long periods of time with serial studies. Pa- 
tients in various degrees of left ventricular failure generally were found to have 
respiratory alkalosis and low oxygen tension. Patients in severe pulmonary 
edema had variable findings, one of the surprising ones being severe acute re- 
spiratory acidosis. Patients with heart disease and pulmonary emphysema 
tended to have respiratory acidosis. 

The physiological causes of these abnormalities and therapeutic implications 
are discussed. 
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War Blinded Veterans in a Postwar Setting. A Social Work Followup of Rehabilitation 
Measures for Blinded Veterans with Service-Connected Disabilities Between December 
7, 1941 and March 31, 1953. 260 pp., $1.50. U. S. Government Printing Office, Washing- 
ton, D.C. 

This little book, consisting of 60 pages of manuscript and 200 pages of tables, appendices 
and indexes, is intended as a statistical summary of the work done by the Veterans Adminis- 
tration in the rehabilitation of the approximately 2,000 blind or partially blind veterans of 
the 2nd World War and the Korean War. Under the supervision of a number of highly 
skilled social workers in Veterans’ Centers, all the war-blinded veterans were asked to answer 
more than a hundred questions and their answers tabulated. The result is of considerable 
interest to all those dealing with young blind people. 

Of the 2,000, 1,000 were blinded by accidents, most of them on active duty; the remainder 
contracted diseases which left them blind. Most often if blindness resulted from wounds 
received in action, there were other serious physical disabilities. Still, 60 per cent of the 
partially blind and 40 per cent of the totally blind are able to support themselves working. 
Many own their own homes and have families. Implicit in this compendium of statistical 
material is the tireless work of the division of Vocational Rehabilitation and Education. 
It is a continuing job well done. The book is well indexed. 

STEWART M. WOLFF 


Action of Radiation on Tissues. An Introduction to Radiotherapy. By A. LACASSAGNE AND 
G. Gricourorr. Translated by Clarence C. Lushbaugh and Gretchen R. Riese. 199 pp., 
$6.25. Grune & Stratton, Inc., New York, N. Y. 

This little book is designed for resident physicians and for those desiring a very funda- 
mental concept of the action of radiation on tissues in preparing for work in radiotherapy or 
in radioisotopes. It is a good translation from the French. There are a few well chosen illus- 
trations. There is an initial short chapter on the physical concepts of radiation action on the 
individual cells. Subsequently radiation action on the various body systems are treated. 
Many of the chapters are only a few pages long. The text material is distinct and accurate. 
All pertinent references are included at the end of each chapter. Finally the effects of total 
body radiation and the action of radiation on diseased tissues are discussed. There are good 
author and subject indexes. 
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This book is recommended to medical students and physicians who require a concise, not 
too technical, review of present knowledge of how the organism and the mammalian respond 
to radiation. 

DANIEL TORRANCE 


Care of the Premature Infant. By Evetyn C. LUNDEEN AND RALPH H. KUNSTADTER. 367 
pp., $8.00. J. B. Lippincott Co., Philadelphia, Pa. 

This volume by Lundeen and Kunstadter represents, in essence, a third edition of the 
well known book “The Premature Infant” by Hess and Lundeen (Second Edition 1949). It 
represents an up to date, superficially complete treatise on all aspects of care of the prema- 
ture infant. The presentation of material is orderly and the result highly readable. While 
many would differ with the authors as to some of the details of care, such as the insistence 
upon breast feeding, this book should be a useful guide to nurses in terms of: 1) the manage- 
ment of the premature infant himself; 2) his immediate environment during those difficult 
early weeks; and 3) home care and follow-up. 

Janet B. Harpy 


Regional Ileitis, 2nd revised edition. By BurRRiIzL B. CROHN AND Harry YARNIS. With 
Special Contributions by Richard H. Marshak and David A. Turner. 239. pp., $7.25. 
Grune & Stratton, New York, N. Y. 

Dr. Crohn and Dr. Yarnis describe their experience with 676 cases of regional ileitis and 
related disorders seen at the Mount Sinai Hospital over the past 25 years. Three hundred 
and seventy-eight cases have been added to their series since Dr. Crohn wrote the first edition 
8 years ago. In addition to an analysis of the clinical material seen at the Mount Sinai Hospi- 
tal, the authors compare their experience with the reports of others. This combined experi- 
ence with this difficult disease is recorded in an extensive bibliography. 

The form and chapter headings conform in general to the first edition, but the emphasis 
has changed as to the role of expectant management and the timing of surgical intervention 
in the treatment of regional enteritis. In the first edition it is said that it is an open question 
whether any conservative or expectant form of medical treatment is warrantable in regional 
ileitis. Further observations have led the authors to add a new chapter which deals with the 
“Prognosis in Regional Ileitis Under Medical or Conservative Treatment.” The course of 85 
patients followed for one to twenty-five years is described in this chapter. Fifty-one have 
been classified as “well” and fifteen as improved. 

The Mount Sinai Hospital group favors short circuiting type procedures over resection in 
the treatment of regional ileitis, but most of the differences they present are not statistically 
significant. In addition, it is difficult to determine which deaths in their series were operative. 

The new edition has a chapter on “Radiographic Diagnosis of Regional Ileitis, Leojejuni- 
tis and Ileolitis” by Richard H. Marshak, which comes before ileojejunitis and ileocolotis 
are described in the text. The new chapter on “Malabsorption in Ileitis” by Dr. David Tur- 
ner is sandwiched between chapters on “TIleojejunitis” and “Prognosis and Treatment of 
lleojejunitis.” 

This book offers a concise discussion of our understanding of regional ileitis and its related 
or more unusual forms, such as acute ileitis, ileojejunitis and ileocolitis. The extensive bibli- 
ography makes this little book a valuable reference for anyone dealing with the problems of 
regional enteritis. 


Tuomas R. HENDRIX 
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The Epileptic Seizure. Its Functional Morphology and Diagnostic Significance. By Cosmo 
AJMONE-MARSAN AND Bruce L. Ratston. 251 pp., $6.00. Charles C Thomas, Spring- 
field, Ill. 

This timely monograph on the epileptic seizure describes in a precise crisp manner the 
totality of clinical and electroencephalographic events during the activation of the epileptic 
process by metrazol. The pertinent literature on this subject is critically reviewed. In the 
hands of the authors, the induction of full blown seizures by metrazol has not been hazardous. 
It must be remembered, however, that these men are highly skilled in the management of 
epilepsy and they have facilities to handle most any emergency complication of a fit. The 
evidence from their data clearly indicates that metrazol activation is an invaluable aid in 
the more accurate localization of epileptic foci. 

Meticulous attention to detailed patterns of seizure development provides clinical guides 
to anatomical localization and probable sites of spread of the epileptic discharge. A scheme 
of seizure formulae is proposed which further aids in more accurate seizure localization in 
the brain. 

The patient material is somewhat selected in that the National Institute of Neurological 
Diseases and Blindness is a referral center for patients refractory to the usual attempts at 
medical regulation, and many of these are considered suitable candidates for surgical excision 
of epileptogenic foci. This selection is evident in the preponderance of patients with temporal 
lobe seizures which is different from the average large general hospital experience in patients 
with epilepsy. 

There is a wealth of tabulated statistical data on various types of seizures. The illustra- 
tions of facial and extremity postures with seizures of different anatomical origin are especially 
excellent. They emphasize the need and value of careful clinical observations of patients 
during an epileptic attack. The authors rightly point out that there is a much higher incidence 
of demonstrable brain pathology in patients with suprasylvian versus infrasylvian seizures. 

It is a bit surprising to learn that angiography has not been a very useful adjunct in the 
diagnostic workup in this series of patients. On most neurosurgical services this is hardly 
what one would expect. Again, however, this would appear to be a matter of selection where 
contrary to the experience of these authors, most neurosurgical divisions deal with a higher 
percentage of patients with expanding intracranial lesions with epilepsy and demonstrable 
arteriographic abnormalities. 

This monograph represents an important milestone in our better understanding of epi- 
lepsy, and anatomical localization of seizure discharges. There is good correlation with 
electroencephalographic findings. This is a must for the library of these physicians intimately 
concerned with the diagnosis and management of epilepsy. 

CHARLES N. LUTTRELL 


Surgery of Head and Neck Tumors. By HAyves MARTIN. 430 pp., $18.50. Paul B. Hoeber, 
New York, N. Y. 

One of the foremost authorities in the field has drawn upon his vast experience to produce 
this text of the operative treatment of cancer of the head and neck. The author makes no 
attempt to review the literature or to arbitrate conflicting opinions but presents his personal 
views on the topic, an approach which would seem to have considerable merit. The subject 
matter includes not only the author’s surgical approach but also his philosophical approach 
to the therapy of tumors of this region, an aspect which has proved difficult to many engaged 
in treatment of patients with such lesions. 

About one-fourth of the volume is devoted to an exposition of the basic principles of cancer 
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surgery as applied to the head and neck and includes consideration of the preoperative diag- 
nosis and treatment, the general principles of the operative procedures, postoperative care 
and complications, and the cosmetic and functional disabilities which follow radical surgery 
in this area. This discussion is comprehensive and thorough. No consideration is given, 
however, to the results obtained by surgical therapy in the various lesions. Neither is there 
any discussion of the pathology of tumors of this region, nor is the role of irradiation in the 
treatment of head and neck cancer discussed. 

The remainder of the volume is composed of an atlas of the operative procedures utilized 
in this region. Almost 600 line drawings illustrate these procedures, each accompanied by a 
brief descriptive paragraph of the technique illustrated. The presentation is sufficiently 
complete without being cumbersome. Consideration is given not only to the excisional but 
also the reconstructive techniques employed. 

The organization of material lends itself to easy use of the book as a reference text. The 
print is large and the paper of dull finish. The illustrative drawings are of good quality. 

Although its scope is limited, this book should find a definite place in the literature of the 
field. It will be particularly valuable to those learning head and neck surgery but the personal 
approach to the subject by an acknowledged leader in this specialty should also be of consid- 
erable interest to those established in the field. 

James R. CANTRELL 
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AN EXPERIMENTAL STUDY OF THE NON-FIBRILLAR 
COMPONENTS IN FROG STRIATED MUSCLE! 


RONALD A. BERGMAN 


Department of Anatomy, The Johns Hopkins University School of Medicine 
Received for publication September 5, 1958 


In the past few years numerous papers have appeared concerning the 
structure of the sarcoplasmic reticulum in striated muscle. The most extensive 
electron microscope studies of this cytological constituent in striated muscle 
are those of Bennett and Porter (4), Porter (7), Bennett (5), Edwards, Ruska, 
Souza Santos, and Vallejo-Friere (6), Porter and Palade (11), and Andersson 
(9). From these morphological studies of the sarcoplasmic reticulum two pos- 
sible functions have been postulated. These are: 1). the internal transmission 
of action currents from the sarcolemma to the contractile apparatus and 2). 
the distribution of metabolites or some other metabolic role. Although no 
experimental evidence is presented by these authors the internal conduction 
hypothesis is the more strongly favored of the two suggested functional roles. 
This view has been further supported, but only by additional morphological 
studies by Moore and Ruska (10), Edwards, Ruska and de Harven (13, 14) 
and Ruska, Edwards and Caesar (15). Fawcett and Cecily (12) have pointed 
out, however, that in the turtle heart the sarcoplasmic reticulum is, at best, 
very poorly developed or absent and therefore the hypothesis of internal con- 
duction could not be confirmed in this tissue. From morphological considera- 
tions neither the internal conduction hypothesis nor the metabolic distribution 
hypotheses can be disregarded but must be considered as extremely tentative 
until a wide variety of experimental evidence is available. Huxley (8) has 
provided evidence through the use of microelectrodes that striated muscle 
can be activated only in the region of the Z band. These observations have 
been interpreted by Ruska, ef al., (15) to indicate internal excitation via the 
sarcoplasmic reticulum. 

The present study is a preliminary report based on the rather simple pro- 
cedure of isolating frog sartorius muscles from their nervous and vascular 
supply, stimulating the muscle periodically over a period of 30, 45, and 60 
minutes, and recording the muscular contractions. Isolated muscles which 
did not change appreciably in the amplitude of contraction during the ex- 
perimental period were fixed carefully and studied by electron microscopy. 

! Aided by a grant from the National Foundation for Infantile Paralysis, Inc. 

The author is indebted to Professor Bodian for the interest shown and encouragement 
given during the progress of this study. In addition, the technical assistance of Mrs. V. 
Prinn and Mrs. N. Taylor is gratefully acknowledged. 
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In addition, normal controls were studied. The results of this study indicate 
that in the experimental muscle cells the contractile apparatus and other 
components of the striated muscle cell, with the exception of the sarcoplasmic 
reticulum and mitochondria, remained unchanged. Studies of glycerol extracted 
striated muscle revealed the sarcoplasmic reticulum to be composed of two 
distinctly different components. Thus, the unitary concept of the sarcoplasmic 
reticulum in striated muscle and its proposed functional roles must be re 
evaluated and reinvestigated. The discussion section will consider this in some 
detail. 


MATERIALS AND METHODS 


A total of six frogs were used in the isolation experiment in which sartorius muscles were 
tested for contractility for periods of 30, 45, and 60 minutes. Two frogs were used for each 
of the experimental periods with one muscle from each frog serving as a control for the 
experimental muscle. A total of six sartorius muscles served as experimental controls. 

The sartorius muscles of frogs were removed at room temperature (27°C.) and connected 
to an isotonic muscle lever. The lever, equipped with an ink writer, recorded the muscle 
activity on a kymograph drum. The lever and ink writer corresponded to a direct loading on 
the muscle of about 10 grams. A stimulus (approx. 10 v.), producing a maximal response, 
was delivered through platinum electrodes to the origin of the muscle every few minutes 
for the experimental period (30, 45, and 60 minutes). Both single and multiple pulses (4/sec). 
were employed. The muscles were frequently bathed in frog Ringer solution to prevent dry- 
ing. Aiter the experimental period, the muscles were fixed by immersion in isotonic, buffered 
(pH 7.2-7.4), 1 per cent osmium tetroxide for 1 hour. Normal controls were treated after 
removal from the animal by the same fixative described above. Each muscle provided at 
least 20 specimens. After washing the tissue in frog Ringer for 1 hour and dehydration in 
graded alcohols, the tissue was embedded in a mixture of methyl and butyl methacrylate 
(1:9). Polymerization aided by the catalyst benzoyl peroxide was carried out at 40°C. 
Four additional control muscles were treated with phosphotungstic acid (0.1 per cent in 
graded alcohols) during the dehydration process to enhance tissue contrast and were then 
embedded as described above. Ultrathin sections were cut with Sjéstrand and Porter-Blum 
microtomes, mounted on formvar-coated copper grids, and studied in an RCA EMU 3c 
electron microscope. 

In addition to the above procedures, four frog sartorius muscles were extracted in 50 per 
cent glycerol at O°C. for 3 days. Following the extraction the muscles were fixed in 1 per 
cent osmium tetroxide and prepared for electron microscopy as described above. 


RESULTS 


The appearance of the sarcoplasmic reticulum in control sartorius muscles 
is consistent with earlier descriptions. The predominant longitudinal com- 
ponents appear tubular while the transverse components, which are less readily 
demonstrated, appear membranous in frog striated muscle. The transverse 


components are associated with the sarcolemma and myofibrils at the level of 
the Z and M bands, while the longitudinal components are found in the sub- 
sarcolemmal and interfibrillar spaces. Although the longitudinal and transverse 
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Fic. 1. Longitudinal section of frog sartorius muscle. Normal control. Elements of the 
longitudinal and transverse reticulum are indicated by white arrows. Mitochondria are 
designated by the white letter M while the characteristic muscle banding is indicated by 
black letters. The black arrow in the lower right hand corner indicates the sarcolemma 
Contrast of specimen enhanced by phosphotungstic acid. 70,000. 











Fic. 2. Transverse section of striated muscle. Normal control. Vesicular elements of the 
sarcoplasmic reticulum are indicated by arrows and the mitochondrion by the letter M. 
x 80,000. 

Fic. 3. Transverse section of striated muscle. Normal control. Tubular and vesicular 
elements of the longitudinal sarcoplasmic reticulum indicated by large arrows. The letter A 
designates the A band while the letter I designates the I band in cross section. A small 
arrow located above the white letter I indicates the transverse reticulum linking adjacent 
Z bands. Contrast of specimen enhanced by phosphotungstic acid. «95,000. 


270 








Se ae 


ee lll 


a 


sarc 
con! 
om 


reti 





NON-FIBRILLAR COMPONENTS IN STRIATED MUSCLE 


Fic. 4. Longitudinal section of striated muscle in which the longitudinal elements of the 
sarcoplasmic reticulum appear to be clearly tubular (designated by large arrows). Normal 


control. The Z band area is indicated by the letter Z and a mitochondrion by the letter M 


Small arrows at the right of the print indicate interfibrillar elements of the transverse 
reticulum. 50,000. 
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Fic. 5. Longitudinal section of striated muscle fixed following 30 minutes isolation from 
vascular and nervous supply. Although the amplitude of the muscular contraction (maxi- 
mal response) remained normal, the longitudinal reticulum has become diffuse and granular 
(indicated by large arrows). The characteristic banding of striated muscle is indicated by 
appropriate letters and small arrows. x 70,000. 


272 








) IE ea 


from 
maxi- 
nular 


“d by 








la 

Fic. 6. Section of striated muscle typical of the 45 and 60 minute isolation. No vesicular 
or tubular elements can be recognized as the reticulum has become diffuse and granular 
(see arrows). Embedded in this matrix a lipid droplet (L) and abnormal mitochondria (M) 
can be identified. The sarcolemma is indicated by the letter S. 25,700. 
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Fic. 7. Longitudinal section demonstrating the marked alteration in the longitudinal 
reticulum subjected to the 45 minute isolation from vascular and nervous supply. Arrows 


indicate abnormal mitochondria embedded in the markedly altered reticulum. 67,000. 
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Fic. 8. Glycerol extracted striated muscle in longitudinal section. The transverse elements 
persist while the longitudinal components, mitochondria, and lipid droplets have been 
extracted. Transverse elements of the reticulum extend across the interfibrillar space link 
ing adjacent myofibrils at the Z and M bands. A less conspicuous transverse element is 
occasionally seen linking adjacent N bands. 10,000. 

Fic. 9. Glycerol extracted muscle similar to Figure 8 but at higher magnification. The 
Zand M band areas are indicated by appropriate letters. « 19,500. 

Fic. 10. Glycerol extracted frog sartorius muscle demonstrating the transverse elements 
linking the sarcolemma (S) with the Z and M bands (Z and M). The longitudinal elements 
of the reticulum have been extracted. X 21,000. 
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Fic. 11. Glycerol extracted striated muscle. The various elements of the transverse 
reticulum which join adjacent Z, M and N band areas are indicated by appropriate letters 
71,250. 
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components of the reticulum are closely associated, they do not appear to be 
continuous. The longitudinal components are interrupted by the transverse 
reticulum at the level of the Z and M bands. Figures 1, 2, 3, and 4 demon- 
strate the sarcoplasmic reticulum in both longitudinal and transverse sections 
of normal (control) muscle. 

Figure 5 is typical of the observations of muscles isolated from their vascular 
and nervous supply for a period of 30 minutes. The contractile apparatus re- 
mains similar to the normal controls. The longitudinal components of the sarco- 
plasmic reticulum have become primarily granular and diffusely organized. 
Figures 6 and 7 show the marked changes typical of the 45, and 60 minute 
isolation (10 specimens from 2 animals for each experimental period). The 
amplitude of the muscular contraction remained essentially normal although 
the muscles fatigued more rapidly upon repetitive maximal stimulation 
(approx. 10 v., 4/sec.) than the muscles stimulated for only 30 minutes. 

Since the transverse components of the reticulum are not readily demon- 
strable in the experimental animals, it is likely that the generalized diffuse 
changes in the longitudinal reticulum mask this component inasmuch as 
they are normally very closely associated. Within the diffuse matrix of the 
longitudinal reticulum abnormal mitochondria and lipid droplets are recog- 
nizable (Figs. 6 and 7). 

In glycerol extracted frog sartorius muscles the longitudinal reticulum, mito- 
chondria, glycogen, lipid droplets and sarcoplasm are no longer demonstrable. 
Figures 8, 9, 10, and 11 clearly reveal the persistent, glycerol stable transverse 
reticulum linking the Z and M bands both to adjacent myofibrils and to the 
sarcolemma. The transverse reticulum linking the Z and M bands is not dis- 
tinguishable from the sarcolemma or cell membrane. A delicate transverse 
structure joins adjacent N bands but has not been seen linking the N band 
with the sarcolemma. 


DISCUSSION 
The observations reported in this paper suggest that the morphological 
and functional concepts of the sarcoplasmic reticulum in striated muscle 
should be reinvestigated in a wide variety of muscles from various species. 
In addition to mere morphological considerations experimental analyses by 
chemical and physiological techniques must be undertaken if the role of these 
cytological components is to be elucidated. 


The morphology of the reticulum was demonstrated in the early observa- 
tions of Thin (1), Retzius (2) and others. These observations indicated that 
the transverse elements of the reticulum link the Z, M, and N bands to ad- 
jacent Z, M, and N bands and to the sarcolemma. In addition, longitudinal 
members of this network were described and Retzius (2) suggested that the 
whole three dimensional network might participate in the transmission of 
excitation within the muscle fibers. The intimate relationship of the reticulum 
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to mitochondria was also recorded. From the early 1900's little has been added 
to our knowledge of the distribution of this complex network, even with the 
aid of the electron microscope. The additional magnification and resolution 
on the electron microscope has shown the network to be primarily tubular 
with longitudinal and transverse components intimately associated. 

Numerous investigations have been published (cited in the introduction) 
which seem to support the hypothesis first suggested by Retzius, namely, 
that the sarcoplasmic reticulum most probably serves in the transmission of 
excitation within the muscle fiber. A metabolic role has been suggested by at 
least two of the authors (9, 10) as an alternative hypothesis. 

The results recorded in this paper suggest that the transverse element of 
the reticulum is markedly different from the longitudinal component. The 
transverse elements, sarcolemma and myofibrils, are glycerol stable while the 
longitudinal elements are extractable. The transverse elements alone link the 
sarcolemma to the myofibrils and the myofibrils with each other at the level 
of the Z, M and probably N bands. Inasmuch as the postmortem experiments 
indicate that the longitudinal component is labile it is probable that it is not 
essential for conduction, and if it is assumed that a sarcolemmal myofibrillar 
linkage is necessary, it seems inescapable that the transverse reticulum alone 
is essential for the internal excitation of the muscle fiber. It is premature to 
postulate a mechanism for the internal activation, but the evidence reported 
here that the transverse reticulum is not tubular (i.e., not phase separating) 
indicates that it cannot be explained easily in terms of an internal propagated 
impulse similar to sarcolemmal conduction as suggested by Ruska, ef a/., (15). 
Since the sarcolemma is joined to the myofibrils by the transverse reticulum, 
the excitation carrier could be enzymatic, perhaps an electron transferring 
enzyme system. This could also be true for transfibrillar activation of the 
myofilaments. As it is known that the myofilaments are linked to each other, 
a continuous enzymatic system could exist across the muscle cell which is 
linked functionally to the sarcolemma. Huxley’s observation (8) that the Z 
band area is important in internal excitation should also be interpreted to 
include the transverse component of the reticulum. What the role of the trans- 
verse M and N band reticulum may be is not yet clear. 

Speaking against the role of the longitudinal components in conduction is 
the fact that it is discontinuous, being interrupted at the Z band by the trans- 
verse reticulum. The longitudinal component of the reticulum is unstable in 
glycerol as are the mitochondria, lipid droplets and glycogen. It is also inter- 
esting that the longitudinal reticulum is intimately associated with organelles 
and inclusions known to be related to the metabolic activity of the cell. Since 


conduction and excitation can occur in isolated muscles even after extensive 


postmortem changes in the longitudinal reticulum and mitochondria, their 
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role in internal activation can only be indirect. The variability noted in the 
morphology of the longitudinal reticulum from a tubular to a diffusely organ- 
ized granular matrix in normally conducting and contracting cells suggests 
it could not serve with any efficiency a role in conduction in such a highly 
organized functional system. Morphological lability is not characteristic of 
any known conducting system. 

Since the transverse elements of the sarcoplasmic reticulum are relatively 
inconspicuous even in well-fixed tissue, it would appear that many morpho- 
logical conclusions and comparative functional correlations have been based 
primarily on the quantity and form of the longitudinal reticulum (6, 12). In 
the light of the observations in this study it is necessary to reevaluate earlier 
observations in terms of the dual nature of the sarcoplasmic reticulum and 
the particular sensitivity of the longitudinal component to metabolic stresses. 

It would also seem desirable to revise the nomenclature to distinguish these 
two basically different cellular components. Since the longitudinal reticulum 
most closely resembles the reticulum of other cells and is located only in the 
subsarcolemmal and interfibrillar spaces, the term transverse myofibrillar 
bridges is suggested for the transverse component as it suggests a morpho- 
logical and functional relationship. 

Although many morphological features of muscle cells have been demon- 
strated they remain unexplained chemically and physiologically. As our knowl- 
edge is far from complete morphologically, chemically, and physiologically, 
any hypothesis related to the function of cytological components in muscle 
must be regarded as still speculative. 


SUMMARY 


1. The sarcoplasmic reticulum in frog striated muscle is composed of two 
distinctly different elements, i.e., a longitudinal, glycerol extractable com- 
ponent and a transverse, glycerol stable component. 

2. The transverse component joins the sarcolemma to the myofibrils at the 
Z and M bands, and these areas of adjacent myofibrils to each other. Occa- 
sionally N to N band linkages are also recognized. 

3. The longitudinal component is interrupted by the transverse component 
and is associated with mitochondria, glycogen, and lipid droplets. It is not 
continuous with the transverse component. 

4. Presumably, conduction and muscular contraction can occur in spite of a 
radical postmortem change in the longitudinal component, i.e., from a well 
defined tubular system in normal controls to a granular, diffuse nontubular 
system in muscles which have been isolated from their vascular and nervous 
supply for 30 to 60 minutes. 


5. Because of the stability of the sarcolemma, the transverse components 
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and the myofibrils in glycerol extracted muscle, it is tentatively suggested 
that the transverse components are in some manner associated with myo- 
fibrillar activation and contraction. 

6. Since the longitudinal component is associated with mitochondria, lipid 
and glycogen, all of which are extractable in glycerol, and inasmuch as the 
mitochondria and longitudinal component undergo radical morphological 
changes without affecting muscular contraction, it is suggested that the 
longitudinal component serves some metabolic function not directly related 
to myofibrillar activation. 

7. Because of the marked differences demonstrated in the two components 
of the reticulum, it is proposed that the term sarcoplasmic reticulum be re 
tained for the longitudinal component, and the term transverse myofibrillar 
bridges be applied to the transverse component. 
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Thorium x was introduced into dermatologic therapy by Naegeli and Jess- 
ner (1) in 1913, and has been gaining increasing acceptance in this country as 
a source of alpha radiation since 1938 (2). There have been many reports (3-10) 
concerning its clinical use, and extensive carefully-planned studies of its mode 
of action (11-13) have been published within the past seven years. 

Thorium x, a decay product of mesothorium, is a naturally-occurring isotope 
of radium, and is therefore an alkaline earth metal. While more than 90 per 
cent of its energy emission is in alpha particles, appreciable amounts of beta 
and gamma rays are emitted. The range of the alpha rays in tissue does not 
exceed 90 microns. The beta rays are of somewhat lower average energy than 
are those of the radium series, and the gamma rays are slightly more penetrat- 
ing than those derived from the decay of radium. 

Although thorium x has been used as a source of alpha radiation for the skin 
since 1913, nothing could be found in the literature concerning contamination 
of the user’s fingers, the problems of radiologic safety involved, or the proper 
disposal of radioactive residues. The promotional literature of the suppliers 
reflected this by suggesting that the handling of thorium x was completely 
safe. 

At the first use of thorium x in this clinic in December, 1951, it was observed 
that the fingers holding immobile the eyelid to which the alcoholic solution was 
being applied were being contaminated. Immediate scanning of the washed 
fingers at the Isotope Center indicated considerable radioactivity, so it ap- 
peared desirable to examine the problems of protecting the operator’s fingers 
and of removing from them thorium x which might contaminate them acci- 
dentally. 

MATERIALS AND METHODS 

Thorium x was used in solution in propyl alcohol, at strengths ranging down- 
ward from 150 microcuries (uc)/cc. These solutions were applied by vigorous 
swabbing to the palmar surfaces and to hairy and non-hairy areas on the dor- 
sal surfaces of the fingers and hands, and the alcohol was allowed to evaporate 
before baseline counts were made. The hands were dried with paper towels after 
each washing procedure. Determinations were made by counting the beta 
emission with a Geiger tube and a decade scaler, at distances of 7 to 10 cm. 
from skin to end of tube. The Geiger tube had a mica window of 1.5 mg./cm». 
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Percentage of Contamination 


Decontamination Procedure Remaining 
Dorsa of Hands Palmar Surfaces 
Tap water, vigorous rinse 66% 77% 
Two washes, toilet soap and water 61% 56% 
Two washes, soap, followed by vigorous 95% ethanol rinse 61% 57% 
Vigorous wash, 95% ethanol 93% 93% 
Ethanol wash followed by soap scrub 61% 60% 
Wash, anionic detergent, acid pH (Vel) 37% 65% 
Wash, BaCk solution 37% 59% 


With Surgical Rubber Gloves on Hands: 
(Thorium x applied to gloved hand) 


95% ethanol rinse 1% 
Subsequent wash, soap and water 13% 
Hand, after removal of gloves 0.015% 


Residual contamination of the hands was followed for several days on two 
occasions. The disappearance curves had half-life values (corrected for radio- 
active decay) of 8 and 16 hours respectively. Dorsal and palmar disappearance 
curves were quite similar in the two tests. 


RECOMMENDED TECHNIQUE FOR THERAPEUTIC USE 


The working surface on which the thorium x is handled is covered with two 
layers of absorbent paper towelling backed by two sheets of hard-finish paper, 
to prevent accidental contamination by spillage. The operator opens the cor- 
rugated cardboard shipping box and the lead shipping jacket with bare hands, 
and then dons surgical rubber gloves. The glass vial containing the alcoholic 
solution of thorium x is opened with the gloved hands, and the vial is stood up 
in the open lead jacket. The solution is applied to the lesions with cotton ap- 
plicators, which are dropped onto the paper towelling after use. The screw 
cap is replaced on the vial, and the rubber gloves are removed and dropped, 
inside out, on the paper towelling. The lead jacket is closed with bare hands 
and replaced in the cardboard shipping box. The paper towels are folded to 
enclose all of the contaminated materials, this wad is wrapped in the hard- 
finish paper, and the whole mass is placed in the cardboard box, which is then 
relegated to a remote corner of the clinic or office. The box remains there for 
at least a month, by which time the thorium x has gone through eight half- 
lives or more and is reduced to less than 0.6 uc/cc. The radioactive residua are 
then regarded as effectively inert and are discarded through ordinary channels. 
The gloves may be put back into use without material danger. 


ASSESSMENT OF RISK 


It seemed possible that this investigation might be without purpose, for no 
reference to bone marrow or other injury produced by thorium x in physicians 
using it could be found after forty years of clinical use. To clarify this point, 
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the total emissions as alpha, beta, and gamma rays occurring in the decay of 
thorium x to lead were calculated, in roentgens (r) or roentgen equivalents 
physical (rep), according to the method of Lea (15). These determinations as- 
sumed an application of 1 uc/cm. of skin, with no loss save by radioactive 
decay, and included only that portion (approximately half) of the emission 
which was directed toward the skin. The calculated total doses on the skin were 
233,000 rep as alpha, 785 rep as beta, and 6.5 r as gamma rays. The doses at 
a depth of 88 microns, the level of greatest penetration of the alpha, were 
29,000 rep, 500 rep, and 6.5 r, respectively.' 


DISCUSSION 


The calculated total emissions show that repeated absorption of thorium x 
by mouth, or of thoron gas by inhalation, might offer a definite threat to the 
bone marrow. A recent report by Wyard et al. (14) emphasized the danger of 
inhalation of thoron in a clinic where thorium x is used frequently, but did not 
touch on the possibility of absorption via the fingers-to-mouth route. 

It is evident that the danger is not in the few exposures to which the patient 
is subject, for the half-life of thorium x is only 3.64 days; but rather in the 
oft-repeated contacts which the dermatologist using thorium x therapeutically 
would have with it over the years. It follows, then, that established principles 
of radiologic safety must be observed in handling the material. 

None of the decontamination procedures tried was able to remove all, or 
even the bulk, of thorium x applied to the skin in an alcoholic menstruum. 
Soap and water reduced counts to 61 per cent on the dorsa of the hands and 
to about 57 per cent on the palms, the difference being scarcely of moment. 
An anionic detergent, used to obviate precipitation of the thorium x as an 
alkaline earth soap, and BaCl:, used to displace the heavier alkaline earth ion, 
both brought contamination of the dorsa of the hands down to 37 per cent, 
confirming the holding of thorium x on the hair and loose skin as an insoluble 
soap. Counts on the palms remained high, though, in accordance with Witten’s 
finding that thorium x got down into the sweat ducts, where it would be in- 
accessible to decontaminating agents. Whether thorium x was bound chemi- 
cally on the skin surface or had penetrated, by virtue of the low surface tension 
of the alcohol, between and under cells of the horny layer was not shown by 
these experiments. The possible effect of a chelating agent applied prior to 
contamination was not examined. 

The experiments with rubber gloves showed that most of the applied thorium 
x could be washed from the smooth, relatively impervious rubber with soap 
and water, and that virtually none of such contamination reached the skin. 
Since tube distances were varied so that counts remained at 10,000 or less 


1 The calculations were checked by Dr. Franco Rasetti. 
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per minute, the 0.015 per cent of contamination found on the hands after 
careful removal of the gloves was within the limits of experimental error. 

Up to several years ago, the screw-top glass vials in which thorium x is 
shipped were capped with a plastic cover intended to hold the screw top in 
place. It was observed that this plastic cover occasionally became soft and 
loose from minute leakage past a not-quite-tight screw top, so that the cover 
was a radiologic hazard rather than a safeguard. This was reported to the 
company supplying the thorium x, and the use of the plastic covers was dis- 
continued. 

The infrequent use of thorium x in this clinic is considered not to pose a 
hazard to the operator from inhalation of thoron, as discussed in the report 
(14) of the Guy’s Hospital group. The ventilative procedures recommended 
by them should be carried out if thorium x were used more often. Their data 
suggest considerable inhalation of thoron by the patient when the face is 
treated. 


INCIDENTAL CONSIDERATIONS CONCERNING THE MODE OF ACTION 
OF THORIUM X 

The assessment of the risk involved in using thorium x proved to be a seren- 
dipitous exercise, for the calculated total dosages available as alpha, beta, 
and gamma radiation afford considerable food for thought. The low gamma 
emission, of high energy and at zero source-skin distance, can scarcely have 
any detectable effect in the skin. The beta emission is within the range of 
therapeutic beta dosage. Clinical application of thorium x usually exceeds 1 
uc/cme., while the energy content and penetrating power of the beta are some- 
what lower than those of the beta emitted by radium. 

Witten et al. showed (13) that the beta-gamma components are capable of 
producing erythema and pigmentation, but assumed from their degree that 
the biologic effectiveness of these components was much less than that of the 
alpha. It is possible that the relatively mild reaction to beta-gamma observed 
by these workers was due to the low intensity of the beta, whose calculated 
magnitude is still adequate for the therapeutic effects observed. The calcu- 
lated depth doses of total beta of thorium x are 146 rep at 1 mm., 94 rep at 2 
mm., and 62 rep at 3 mm., assuming an application of 1 uc/cm:. In comparison, 
a surface dose of 300 r of hard Grenz rays (17, 18), a fairly potent dose for 
ordinary dermatoses, would yield about 90 r at 1 mm., 42 r at 2 mm., and 21 
r at 3 mm. depth. 

The 233,000 rep of alpha on the skin surface, or even the 29,000 rep at 88 
microns depth, is enough to stagger the imagination. The survival of the 
epidermis under so intensive a bombardment can mean only that this enormous 
energy is expended at a level well above the basal layer*, and suggests that the 


* The biologic and biophysical considerations expressed here were approved by the late 
Dr. Jonas Friedenwald and by Dr. Russell H. Morgan. 
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alpha radiation must be therapeutically inert, save for that small fraction 
which Witten’s radioautographic studies (11, 12) show to be liberated in the 
hair follicles and sweat ducts. The conclusion appears inescapable that thorium 
x is not an effective agent for alpha therapy, and that the observed therapeutic 
effects are expressions of protracted beta radiation. 

This conclusion is susceptible of experimental proof, and cannot be accepted 
finally without such proof. It will be necessary to irradiate living human or 
appropriate animal skin with a beam of alpha particles of 8-10 Mev. A reac- 
tion in any way approaching clinical magnitude would mean only that thera- 
peutic effects from the alpha of thorium x are possible, but failure of such a 
reaction to occur would preclude the possibility of therapeutic activity from 
the alpha of thorium x. A particle accelerator of adequate power may some 
day become accessible. . . . 

In the clinical use of thorium x, the skin is not exposed to the full calcu- 
lated doses of alpha, beta, and gamma. The disappearance curves show that 
applied thorium x is lost rapidly from the hands, where the traffic is heavy. 
It is to be expected, then, that much of the applied thorium x must be lost 
from even highly protected areas through the frictions of everyday life. Cover- 
ing of the treated areas with flexible collodion, as is sometimes done, might 
delay this loss for a day or two, but might also provide picking fingers with 
a target. 


SUMMARY AND CONCLUSIONS 


1. Experimental investigation of some of the problems of radiologic safety 
involved in handling and using thorium x was undertaken. 

a. It was not possible in these experiments to decontaminate adequately 
the purposely contaminated hands. 

b. Surgical rubber gloves protect the operator’s hands completely from 
thorium x in alcoholic solution. 

c. Strict observance of the principles of radiologic safety is called for in 
the use of thorium x. 

d. A safe technique, as developed in this clinic, for therapeutic application 
of thorium x and for disposal of radioactive residues is presented. 

2. Calculations of the total dosages available as alpha, beta, and gamma 
radiation suggest that the alpha emission of thorium x must be therapeu- 
tically inert. 

3. The observed therapeutic effects of thorium x probably result from pro- 
tracted beta radiation. 
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NEUROLOGICAL DISORDERS IN AORTIC STENOSIS 
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Attacks of syncope occur frequently in patients with aortic stenosis. While 
the association was probably first mentioned by Cowper in 1721, (1) it was 
not until the 1930’s that physicians became aware of its relative frequency 
(2, 3, 4, 5, 6, 7). Other authors (8, 9, 10) have generally agreed that the asso- 
ciation is a real one. Although Hammersten (10) and Marvin and Sullivan (5) 
mention the occurrence of convulsions concomitant with syncopal attacks in 
this syndrome, this association has not been described by most other authors. 
The purpose of this survey is to determine the frequency of syncope, convul- 
sions, and other neurologic complaints in patients with aortic stenosis in this 
hospital. 


MATERIAL 


A total of 326 patients was used in this study. The records were obtained 
from two sources. The adult cases of aortic stenosis, 181 in all, were admitted 
to the wards of the Johns Hopkins Hospital during the period from 1946 to 
1956. Of these, 25 underwent aortic valvulotomy. An additional 145 cases in 
children were seen in the Cardiac Clinic of the Harriet Lane Home from 1947 
to 1958. Most of these were also admitted for cardiac evaluation. The hospital 
records of all patients were surveyed carefully with particular reference to the 
points in question. Certain neurological manifestations, including syncope, 
convulsions, dizziness, headache, hemiparesis, and deafness were found in 
63 of the 326 patients. The frequency and severity of these neurological ab- 
normalities were different in patients with congenital heart disease as com- 
pared with those found in acquired forms of aortic stenosis. The cases have 
therefore been divided for descriptive purposes into two groups: 

Group I: Patients with congenital aortic, or subaortic stenosis. 

Group II: Patients with acquired aortic stenosis. 


RESULTS 


It is evident that certain indications of neurologic disorder, including syn- 
cope, convulsions, hemiparesis ran throughout the records of both groups. 
For clarity, the distribution of patients with different complaints in each 
group is shown in Table I. A few isolated neurological complaints, such as 

1 Present Address—II (Harvard) Medical Service, Boston City Hospital, Boston, Massa- 
chusetts. 
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TABLE I 
Distribution of Patients with Neurological Complaints 
Group I Group II Total 
NR ansiee so 5 9 14 
0 SS ee ee 10 12 22 
Dizziness....... 3 2 5 
Hemiparesis. . . 0 7 7 
Deafness... . 3 0 3 
PETS SERN eae vo UKs sep oder nedrens Sead sivebaens 9 3 12 
Me eee k Rigi Waite DE -a didi Vins die ct wna 30 33 63 
awl sn « salts, bral beiekonecace esha 133 193 326 
I Sides ota aw acon ods xeieigtnieemun 23 16 19 














deafness and congenital diplegia were clearly associated congenital abnormal- 
ities. Certain of these disorders can, however, be considered separately in some- 
what greater detail. 


1. Seizures 


The distinction between syncope and seizures was far from clear. It was 
arbitrarily decided therefore to define seizures as those episodes of uncon- 
sciousness associated with convulsive movements and/or sphincter incon- 
tinence. Electroencephalography was performed in so few patients that com- 
parative results were of no significance. 

The clinical data concerning the 14 patients with seizures are listed in Table 
II. Five of these patients were children in whom the relationship of the at- 
tacks to cardiovascular symptoms could not be established with any degree 
of accuracy. Nine, however, were adults with acquired aortic stenosis. All but 
one of these had at one time or another dyspnea, cardiomegaly, or other symp- 
toms or signs attributed to severe narrowing of the aortic valve, but the re- 
lationship of these to the appearance of seizures was doubtful. It is true that 
in three patients, the appearance of convulsions came after the onset of severe 
symptoms of cardiovascular insufficiency and were often related to exertion. 
On the other hand, 6 patients had their first convulsions before any cardiac 
symptoms had developed. Moreover, in 5 of these, there was never any indi- 
cation that exertion was a factor in precipitating the attacks. 


2. Syncope and dizziness 


Syncopal attacks, in contrast to seizures, were arbitrarily defined as those 
episodes of unconsciousness not associated with convulsive movements and/or 
sphincter incontinence. There were 27 patients with such attacks. These are 
described in Table III. 

It can be seen, that both with congenital and acquired aortic stenosis, the 
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attacks were frequently precipitated by moderate or severe physical exertion. 
Of the children with congenital lesions, syncope or dizziness appeared for the 
first time in half the cases before any cardiac symptoms were apparent. In 
contrast, of the adults with acquired aortic stenosis, only three were without 
complaints referable to cardiac insufficiency at the time of the first syncopal 
attack. Moreover, it should be noted that syncopal attacks ceased after opera- 
tion in all three patients who were subjected to valvulotomy. 


3. Hemiparesis 


Hemiparetic signs were present in seven patients, all with acquired aortic 
lesions. Three of these were embolic in origin in young patients with subacute 
bacterial endocarditis or auricular fibrillation. Three more occurred in older 
persons and may well have represented cerebral vascular disease. One man of 
31 years experienced solitary transient hemiparesis during an episode of un- 
explained tachycardia. 


4. Deafness 


Three pediatric patients with mild aortic or subaortic stenosis suffered from 
congenital deafness. None of these patients had any symptoms apart from 
hearing difficulties. They were being followed by the Cardiac Clinic for heart 
murmurs heard at an early age. 


5. Miscellaneous 


Twelve patients had neurological complaints not included in the preceding 
categories. Headache was the principal complaint in 5 persons. The headaches 
were always recurrent with migrainous features. Since none of these patients 
had severe cardiovascular disability and since the headaches were not related 
to exertion, the symptom was thought not to be causally related to aortic 
stenosis. Other miscellaneous disorders were one case of mental retardation, 
one of spastic diplegia, two cases of “falling spells” unaccompanied by un- 
consciousness, in young children, and two people with retinal artery occlu- 
sions. None of these patients had cardiac symptoms. 


DISCUSSION 


It is clear in this series that neurological complaints are not uncommon in 
patients with stenosis of the aortic valve. To assume a cause and effect rela- 
tionship would seem unwarranted in many of the cases. The hemipareses, for 
example, were in most cases easily attributed to coexisting cerebrovascular 
disease. Past authors have considered the syncope occurring in patients with 
aortic stenosis as due to cerebral anoxia, directly or indirectly caused by the 
narrowed aortic valve. The rather large number of patients in this present 
series with syncope, and the frequent alleviation by surgery, would likewise 
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Note, “‘—"signiteditor 
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3 | mm onset of ASE | g 
=| Num | | Riel |‘ardiac| Type ot art eson | 3 | Neurological auonder | Freee of /Pantenl iat! 
ro _ = i 
F «| com, | “tome g im") 2 
A a > < | a) 
1 | B7942 | M 1 _ Congenital aortic stenosis 0 | a. Syncope. Frequent. Seconds. | 4 0 + 
2 b. Convulsions. Occasional. | Seconds. | 4 _ 
5 c. Headache (migraine).| Frequent. 1 
2 | B2576 | M 13 — Probable aortic stenosis. | 0 | a. Unconsciousness. Rare. ~ . 0 0 
21 ?Pulmonary stenosis. b. Unconsciousness Rare. Few min- 
with incontinence. utes. 
| 

3 | A83568| F | 9 ~ Minor subaortic stenosis. 0 | Grand Mal epilepsy. Frequent. = - 0 0 

months} 

4 | A9se49 | M 3 — Subaortic stenosis. 0 | Generalized convulsion | Rare. Several |- | 0 0 

following fever. hours. | 

5 | 508472 | M 9 2 Patent ductus with subaortic | 0 | Generalizedcloniccon- | Rare. About 30 }0 | ++ 
stenosis. vulsion after oral minutes. 

antihistamine. | 
| 
6 | 531344 | M 19 19 Calcific aortic stenosis. + | a. Fainting spells. Occasional. | 4-5 min- | 0%| 0 + 
22 b. Spells with inconti- utes. + | 
nence, and kicking 
of feet. 

7 | 418602 | F 51 49 Calcific aortic stenosis. + | Convulsion. Rare. Several (|-#)| 0 + 

minutes.| | 

8 | 758934 | F 50 49 Calcific aortic stenosis; | + | Fainting and convul-| Frequent. 5-10 min- | + + | ++ 
?rheumatic heart disease. sions with inconti- utes. 

nence. 

9 | 474789 | M 22 29 Hypertensive cardiovascular | 0 | Uncinate seizures; Frequent. ) - + 
disease; rheumatic heart hemiparesis. 
disease with aortic insuffi- 
ciency, aortic stenosis, 
mitral insufficiency. | 

10 | 506951 | F 44 53 Aortic stenosis; Adams- 0 | a. Fainting spells. Occasional. | Minutes- |-§| 0 + 

49 Stokes. b. Generalized convul- | Occasional. hours. 25 
sion. minutes. 

11 | 399127 | F 37 — Rheumatic heart disease with | 0 | Epileptic spells, gen- | Frequent. 20 minutes. -§| 0 0 
aortic stenosis, mitral eralized. | 
stenosis. 

12 | 767864 | M 55 - Calcific aortic stenosis. 0 | Generalized convul- | Occasional. | 5-10 min- |+§| 0 0 

sions. utes. 

13 | 488866 | M 6 31 Aortic stenosis and insuffici- | 0 | Convulsions from age _ _ “¥\ ++ |++4 
ency, mitral stenosis and 6-13 after “spinal 
insufficiency, congestive meningitis’’. } 
heart failure. | 

14 | 430844 | F |Child- 32 Calcific aortic stenosis; mi- | 0 | Grand Mal epilepsy. - iil — |++4 

hood tral stenosis; congestive 
| heart failure. } 
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Comoulsions 
mation available. 
dale Cardio- Blood 
eet $ ‘ megaly EKG pressure Autopsy Remarks 
| l|éle 
| 9 + + 0 Left axis deviation;| Normal. No symptoms for 3 years. 
— slight left ventricular Given phenobarbital 
hypertrophy. 
0 0 + | +++ | Left axis deviation; left | Normal. None. 
ventricular hyper- 
trophy; Wolf-Parkin- 
| son-White syndrome. 
0 0 0 ti) — Normal. None. 
0 0 + | Slight | Focal intraventricular | Normal. None. 
block. 
0 | ++] ++ + Slight left ventricular | Normal. Prescribed with digitalis for 
hypertrophy. congestive heart failure; no 
further convulsions after 3 
months. 
0 + + + - Normal. | None. Patient died of ventricular fibril- 
| lation after valvulotomy. 
0 + + + Left ventricular stain. Normal. Discharged improved after val- 
vulotomy. 
4+it+i — ++ | Left ventricular hyper- | Normal. Cerebrovascular accident, mild, 
trophy. after valvulotomy. 
+i + + + _ 230/60-90 | Rheumatic vvalvulitis. | Died in failure at 29 years. 
} Glomerulonephritis. 
| 0 + 0 + Right bundle branch | 165/65 Arteriosclerotic cardio- | Died at 53 in failure. 
block; complete heart vascular disease. Aor- 
block. tic valve 5.8 cm. Nar- 
rowed left carotid; 
bilateral encephalo- 
malacia. 
| 0 0 | ++ + Digitalis effect. 130/95 None. Died at 52 of cerebral embolus. 
0 0 0 0 Moderate left ventricu- | Normal. Improved on phenobaribta) 
lar hypertrophy. and activity restriction. 
++ |+4+4+) + bo - Normal. | Extreme aortic stenosis; | Died in congestive heart failure 
aortic valve—6 cm. at 31 years. 
— +++) — | +++ | Left ventricular hyper- | Normal. | Marked aortic stenosis; | Died in congestive heart failure. 
trophy. aortic valve 3-4 cm.; | Epilepsy well-controlled with 
mitral, bicuspid ste- Luminal. 
nosis. 
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T 
Data on Patients 
Note, ‘‘—” signifies 
: Age at > | 
3 ~— of r+? g F t| D 
JHH ‘euro- . Six : ener requency o' uration 
<= |Number logical |G2"diac) Type of Heart Lesion | 9 | Neurological D Attacks | of Attacks 
< § Com- | 5¥™P- 5 t 
. toms - 
1 | A77019| F 3 — Congenital aortic stenosis. 0 | ? Petit Mal attacks. Occasional. | 4-5 min- | -| 
utes. 
2 | Bos60 | M s 13 Congenital aortic stenosis. 0 | Syncopal spells; Mi- | Occasional. | 10-15 min-|~ 
graine. utes. 
3 | B23606| F il 0 Congenital aortic stenosis. Syncope. Occasional. _ =| 
A72141 | F 2 1 Congenital aortic stenosis. 0 | Synco) early - - - 
childhood 
5s | B2312 | M 7 — Congenital aortic stenosis. 0 | Fainting spells. Rare 5 minutes. | ~ 
6 | A77690| M 6 12 Congenital aortic stenosis. + a" spells; blackout | Occasional. ‘ =| 
8 ’ spell. Rare. 15 minutes.| + 
7 | B21027| M 4 _ Aortic stenosis and aortic in- | 0 | Dizzy spells; syncope. - ~ 
sufficiency. Occasional. — 
8 | A89625| M ii _ Coarctation; subaortic ste- | 0 | Syncope; dizziness. Occasional. | 3 minutes. | + 
nosis. 
9 | B28860| F 10 — Aortic stenosis; coarctation. | 0 | Fainting spells. Rare. = + 
10 | A69396 | F 5 _ Pulmonary stenosis; ? Aortic | 0 | Fainting spells. Rare. =| 
stenosis. 
ii | 214409 | M 62 60 Calcific aortic stenosis. + | Loss of consciousness; | Occasional. | 2-3 min- | -| 
dizziness. utes, 
12 | 764820 | M 41 43 Calcific aortic stenosis. + | Syncope. Frequent. _ =| 
13 | 721623 | M 20 17 Calcific aortic stenosis. + | Syncope. Occasional. | 10 min- -| 
utes. 
i4 | 679031 | M 51 47 Calcific aortic stenosis. + | Syncope. Rare. 20 min- |- 
utes. 
15 | 758813 | M 43 35 Calcific aortic stenosis. + | Syncope. Frequent. - + 
16 | 734185 | M 49 49 Calcific aortic stenosis + | Syncope. Frequent. 2-5 min- | + 
utes. 
17 | 730361 | F 66 66 Calcific aortic stenosis + | Syncope. Occasional. _- +| 
18 | 501523 | M 57 54 Calcific aortic stenosis; mild | 9 | Syncope. Rare. Minutes. | +) 
aortic insufficiency. 
19 | 349509 | F 63 _ Calcific aortic stenosis; aor- | 0 | Syncope; dizziness. Occasional. | Minutes. | - 
tic insufficiency 
20 | A64182| M 40 35 Calcific aortic stenosis; mini- | 9 | Syncope. Frequent. Minutes |? 
aortic insufficiency. - one 
our. 
21 | 377829 | M 61 4 Rheumatic heart disease with | 0 | Unconsciousness. Rare. Minutes. | 0 
aortic stenosis and aortic 
insufficiency. 
22 | 431694 | F 11 il Rheumatic heart disease with | 0 | Unconsciousness; gid- | Frequent. 30 min- =| 
aortic stenosis, mitral ste- diness. utes. 
nosis, mitral insufficiency, 
subacute bacterial endo- 
carditis. 
23 | A84323 1S - Subaortic stenosis; marked | 0 | Dizziness. Occasional. - - 
aortic insufficiency. ¥ 
24 | A79287| F 7 _ Patent ductus arteriosis (li- | 0 | Dizzy spells. Occasional. - - 
ated); aortic stenosis. 
25 | A73385| F 20 20 Subaortic stenosis; small in- | 0 | Dizzy spells. Frequent. 5-20 min- | - 
jpapenttonter septal de- utes. 
ect 
26 | 467981 | M 44 39 Aortic stenosis. 0 | Dizzy spells. _ - * 
27 | 451832 | F 13 17 eumatic heart disease with | 0 izziness. Occasional. | Frequent. | - 
myocarditis, mitral ste- 
nosis, mitral insufficiency, 
aortic stenosis, aortic in- | 
sufficiency, auricular fibril- | 
lation. 
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available. 
- =» | Cardio- Blood 
Dy" \ Thrill “ EKG —, Autopsy Remarks 

— | Slight. | Left ventricular strain; | 88/80 No attacks for 2 years on 
left ventricular hyper- limited exertion. 
trophy. 

0 + Left a hyper- _ None. Patient died in congestive 
trophy; strain. heart failure at 13 years. 

oo 0 im ventricular hyper- | Normal. No spells for 2 years on mild 

rophy. activity restriction. 

i + Left axis deviation; left | Normal. No at from age 12-21 
ventricular hyper- years; patient has avoided 
trophy. suddenr exertion. 

os oa Left axis deviation; left | Normal. No attacks from 7-9 years 
om hyper- on activity restriction. 
trophy. 

ms 0 Left ventricular hyper- | Normal. No spells several months after 
trophy. surgery. 

+ 0 Left ssettentes hyper- | 112/18 one. 
trophy. 

0 0 Left ventricular pre- | L.90/70 Cosectation repaired age 10. 
ponderance. R.130/80 — began after operation. 

noe 0 Left ventricular h Normal. Spells absent for 1 year on re- 
trophy; left venice stricted activity. 
lar strain. 

+ + Right axis deviation; | Normal. Pulmonary valvulotomy at 6 
right ventricular hy- years. No fainting for 1 year 
pertrophy with com- post-operative. 
ened bundle branch 

+ + + Left ventricular strain. | Normal. Bicuspid aortic valve. Died during valvulotomy. 
Aortic stenosis: Valve-2 
cm. 
> 0 ++ | Left ventricular hyper- | 130/100 No symptoms 2 months post- 
trophy. operative. 
+ | ++ ++ | Left ventricular strain. | Normal. Survived valvulotomy. 
++) + ++ | Digitalis effect. Normal. Calcific aortic stenosis | Cardiac arrest during val- 
of orifice. 1.5 X 0.8 vulotomy. 
cm. 
a oa oo Left ventricular hyper- | 126/98 Calcific aortic stenosis. Cardiac arrest during val- 
trophy; strain. vulotomy. 
0 aa 0 = — hyper- | Normal. No symptoms 1 year post- 
operative. 
0 0 x Left. _~ hyper- | 120/90 Marked aortic stenosis; | Died at 67 after valvulotomy. 
trophy. narrow right coro- 
nary. 
+ | ++] ++ = Normal. Died at 61 in congestive heart 
failure. No syncope since 57. 
0 0 0 - 150/78 Died of renal failure. 
— + or — Normal. None. 
+ + + — Normal. Digitalized. No spells for 5 
years. 
+ + or Prolonged interval. Normal. Frequent anxiety attacks. 
+ + | +++ it bundle branch | Normal. None. 
0 ob 0 Left ventricular hyper- | Normal. Dizzy spells 6 years after patent 
trophy. ductus arteriosis 4, +y- 
0 +++ 0 Left  eatsicules hyper- | Normal. Spells accompanied by tachy- 
trophy. cardia. 
+ 0 + — Normal. None. : P 
+ + | +++ | Auricular fibrillation. 155/75 Old rheumatic fever. | Died at age 20 in congestive 
Slight aortic stenosis, heart failure. 
mitral stenosis. Aortic 
valve 5.5 cm. 
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seem to indicate a direct relationship to aortic stenosis. Mechanisms of produc- 
tion of the anoxia, however, are not clear. Incriminated amongst others have 
been: 


1) Hyperactive carotid sinus (5). 

2) Decreased cardiac output (4). 

3) Lack of cardiac reserve and failure of left ventricular pressure to rise 

sufficiently during exertion (11). 

4) Stokes-Adams attacks. 

5) Arrhythmia. 

No definitive information which might shed light upon the exact mechanism 
of production of the anoxia is available from the present analysis. However, 
the high incidence of angina pectoris in the adult patients (7 of 15) might well 
support the third mechanism proposed by Friedberg (11). 

The present group showed a higher incidence of convulsions than previously 
reported by other authors. There may be several reasons for this. Firstly, the 
follow-up studies on many of these patients, particularly those in the pediatric 
age group were prolonged. Secondly, some of the patients, especially among 
those who underwent surgery, were referred to the hospital partly because of 
their convulsive episodes. Thirdly, the significance of tonic or clonic move- 
ments accompanying syncopal attacks is often not recognized. It seems reason- 
able to assume that the convulsions occurring in several of the cases reported 
here were also attributable to cerebral dysfunction resulting from aortic steno- 
sis. Anoxia, caused by local cerebrovascular disease is a well-known cause of 
symptomatic epilepsy and probably played a role in these patients. Of special 
interest is the group of patients with seizures occurring before any symptoms 
of cardiovascular decompensation and having apparently no relation to exer- 
tion. It is possible that these patients were epileptic on the basis of factors 
unrelated to their cardiovascular abnormality. However, it may be that these 
patients had an abnormally low convulsive threshold and that their seizures 
were a subtle indication of cerebral dysfunction due to some impairment in 
cerebral blood supply. The treatment of patients with seizures is difficult to 
evaluate. The three patients with convulsions who underwent valvulotomy 
were not followed for a sufficient length of time to be certain about the bene- 
fits of operation in their cases. Similarly, information about benefits for medical 
treatment in these cases is meager. The three patients who were treated with 
anticonvulsant medication did, however, show symptomatic improvement. 

Finally, it may be pertinent from a purely practical standpoint to emphasize 
that many of these patients first came to medical attention because of syn- 
copal attacks or seizures. Their very numbers indicate the clinical importance 
of considering this form of cardiac disease as a possible underlying basis for 
symptoms such as these. 
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SUMMARY 


1. A total of 326 cases with clinically recognized aortic stenosis was re- 
viewed. 

2. Sixty-three of the 326 patients were found to have neurological complaints 
as follows: seizures, 14; syncope, 22; dizziness, 5; hemiparesis, 7; congenital 
nerve deafness, 3; miscellaneous (including mental retardation, headache, 
and retinal artery occlusion), 12. 
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RAEDER’S PARATRIGEMINAL SYNDROME 


A BENIGN DISORDER, POSSIBLY A COMPLICATION OF MIGRAINE 
F. R. FORD ann F. B. WALSH 
Received for publication September 19, 1958 


In 1924, Raeder (1) published a paper in which he described a syndrome in- 
cluding drooping of the eyelid, and contracted pupil, i.e. signs of oculosympa- 
thetic nerve involvement, without loss of sweating on the face. He pointed 
out that the lesion must be at the base of the middle fossa involving the oculo- 
sympathetic fibers which lie in the wall of the internal carotid artery and first 
division of the fifth nerve. Five cases were given in abstract. A neoplasm was 
found in one. Two were due to trauma and the cause in two cases was obscure. 
In all cases there was evidence of involvement of the cranial nerves, especially 
the fifth nerve. This was termed the paratrigeminal syndrome. It was thought 
to have no etiological significance and was of value merely in localization of 
the process. 

Lawton Smith (2) has recently published a very helpful study of Raeder’s 
syndrome and gives eight case histories. Six of the eight patients had been 
followed for four years. He stresses the importance of distinguishing this 
condition from Horner’s syndrome. 

In recent years the writers have observed more than twenty-five cases of 
this syndrome in which only pain above the eye and the oculosympathetic 
phenomena were present. Males seem to be affected more frequently than 
females. The onset is, as a rule, in middle age or old age. The first symptom is 
a throbbing headache which is located above one eye or the other. It is in- 
variably severe. The headache begins early in the morning and often awakens 
the patient from sleep. There may be nausea and vomiting associated. Often 
the pain will cease about noon. The pain occurs every morning and may per- 
sist for a number of weeks or even several months. As a rule, the headache is 
severe for only the first week or two. 

Shortly after the headaches begin, the homolateral eyelid begins to droop 
and the pupil becomes smaller. The pupil does not expand in reduced illumina- 
tion so the difference in the size of the pupils is more obvious in a darkened 
room. In a bright light, the difference in the pupils may be very slight. When 
cocaine is instilled the affected pupil does not dilate. The conjunctiva may be 
somewhat congested for a time. It seems clear,'therefore, that the oculosympa- 
thetic nerve fibers have been damaged in some way. It should be pointed out 
that this is not Horner’s syndrome for there is no loss of sweating on the face. 
Skin resistance to the galvanic current is not altered on the face. We agree 
with Raeder that the lesion must be at the base of the middle fossa. After 
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months or possibly a year, the lid lifts and the pupil expands to its normal 
size. We have observed a few cases in which a second attack occurred. 

In our experience this syndrome is benign when it is uncomplicated. The 
presence of symptoms other than those mentioned above, vitiates the diagnosis 
and alters the prognosis. 

The cause of this condition has never been established. Raeder apparently 
regarded it as merely an anatomical syndrome indicating a process at the 
base of the middle fossa. We are impressed with the stereotyped character of 
the syndrome and suspect that it is usually due to a specific cause. Aneurysm 
is almost always considered a plausible explanation but in our cases when 
arteriograms have been performed, no aneurysm has been found. We have 
never seen subarachnoid hemorrhage in our series of cases. We have never 
encountered an intracranial neoplasm. 

When the patient is questioned carefully about headaches in the past, we 
have elicited almost without exception, a clear history of throbbing morning 
headaches of many years duration often associated with nausea and vomiting. 
We are, therefore, inclined to believe that Raeder’s syndrome is merely a some- 
what unusual result of a series of severe and frequent migrainous headaches. 
Dr. William Speed once suggested in conversation with one of the writers, that 
the mechanism by which the sympathetic nerve fibers is injured might be 
similar to that responsible for the third nerve palsy in ophthalmoplegic mi- 
graine. In both instances the signs develop only after prolonged headache and 
hence, are probably not caused in the same way as the visual phenomena and 
other symptoms which precede the headache. 

Harold Wolff (3) has shown that in a migrainous attack the arteries be- 
come dilated and if the attack is prolonged the wall of the artery becomes 
edematous and thickened. The oculosympathetic nerve fibers lie in the sheath 
of the internal carotid artery where it lies at the base of the middle fossa. We 
suggest that these changes in the internal carotid artery may occasionally 
result in damage to the sympathetic fibers. 

Horton (4) mentions that Horner’s syndrome may occur in association 
with the type of headache which he has attributed to histamine sensitization. 
It is possible, however, he is dealing with the same condition we are describing. 

It seems unnecessary to publish a series of case histories. They are all alike 
for the condition is a stereotyped one. We give merely one case history which 
is of interest because two attacks occurred, one on the left and then one on 
the right. 

Case History (No. 733662) Recurrent migrainous headaches for many years. 
At the age of 63 years, a series of severe headaches over the left eye with drooping 
lid and small pupil. Complete recovery. At the age of 65 years, a second episode 
identical with the first except for the fact that the symptoms were on the right. 





298 F. R. FORD AND F. B. WALSH 


M. W. a man of 63 years was seen for the first time in 1956. He stated that 
for a great many years he had been subject to frequent headaches. These were 
frontal and located over one eye or the other. These started as a rule, early in 
the morning and would awaken the patient from sleep. The pain was of throb- 
bing character. There was nausea but no vomiting as a rule. These headaches 
occurred at irregular intervals. 

A few weeks before entering the hospital he began to have more severe 
headaches than ever before. The headache occurred every morning without 
fail. The character of the headaches was unchanged but the location was al- 
ways over the left eye. Our examinations revealed only drooping of the left 
eyelid and a contracted left pupil. The pupil did not dilate in reduced illumina- 
tion and did not respond to cocaine. There was no diplopia. No loss of sweating 
was found on the face. The headaches were beginning to diminish when the 
patient got to the hospital and soon were no longer a problem. 

In March 1957, the patient was examined again. He was having merely an 
occasional mild headache at that time. The oculosympathetic signs were 
scarcely demonstrable. 

Early in August 1958, the patient developed another series of severe morning 
headaches. These were identical with those which occurred in 1956 except for 
the fact they were over the right eye and not the left eye as in 1956. He noted 
that the right lid drooped and the right pupil was contracted. The conjunctiva 
was congested for a time. The patient entered the hospital on August 20. The 
headaches were beginning to abate at that time. The signs of oculosympathetic 
involvement on the right were obvious. The right pupil did not dilate when 
cocaine was instilled. There was no loss of sweating on the face. The left pupil 
had expanded to a proper size and the left lid no longer drooped. This patient 
was seen in consultation with Dr. R. Carmichael Tilghman. 
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Administrative Medicine. Transactions of the Fifth Conference Oct. 29, 30 and 31, 1958. 
Edited by GEorGE S. STEVENSON. 197 pp., $3.75. The Josiah Macy, Jr. Foundation, 
New York, N. Y. 

This is the fifth in a series of reports of conferences sponsored by the Josiah Macy Jr. 
Foundation which record the verbatim discussions of distinguished participants, directed 
toward uniformity in the administrative approach to a current problem in the multipro 
fessional field of health. 

This conference considered the mental health movement in this country as its philosophy 
has altered as emphasis shifted from the mental hospital to the community health program 
with the increasing knowledge psychiatry contributed to recognition and prevention of 
mental illness. The report considers the relation of the mental hospital programs to the 
broad problems of medical and public health administration with specific reference to the 
relation of the mental hospital to the community and to the private practice of medicine. 
\nyone concerned with the administration of a mental health program will find reference to 
most of his current problems in the experiences discussed at this conference, and expert 
advice on the approach to solution. 

Harry L. CHANT 


A Bibliography of Internal Medicine. Communicable Diseases. By ArtrHuR L. BLOoom- 
FIELD. 560 pp., $10.00. The University of Chicago Press, Chicago, IIl. 

Most physicians and medical students familiar with Dr. Bloomfield’s selected bibliogra- 
phies that have appeared in the Archives of Internal Medicine and elsewhere will welcome 
this volume. In his effort to stress the historical approach to the study of disease, especially 
the scientific contributions of the last century, Dr. Bloomfield has reviewed the French, 
German and English language publications on thirty-one communicable diseases and chosen 
every reference that he believed of fundamental importance in the development of present- 
day knowledge of these diseases. These selected articles are presented in bibliographic form 
with carefully written, informative abstracts. 

Nearly every reader will find areas in which he disagrees with the author’s selections. 
Some may prefer a more conventional format for the presentation of medical history. Yet, 
all readers will admire the undertaking of such a gigantic task and be grateful to Dr. Bloom- 
field for providing so much valuable material in such a convenient form. 

Henry N. WAGNER, JR. 
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Atrial Arrhythmias, Digitalis and Potassium. By BERNARD Lown AND Haro ip D. Levini 
222 pp., $6.90. Landsberger Medical Books, New York, N. Y. 

The authors draw from their personal clinical and laboratory experience as well as from 
the literature to present an excellent review of the relationship between digitalis and po 
tassium. The clinical section of the book is built around many illustrative case histories with 
electrocardiograms which have been reproduced in readable form. The physician practicing 
internal medicine will find the detail excessive but can profit by a brief perusal of the excel 
lent summary paragraphs. The book will be useful as a reference source for cardiologists and 
physiologists. Stimulating speculation is presented regarding the interrelations of digitalis, 
acetylcholine and adrenal steroids at the cellular membrane. 

RICHARD S. Ross 


Diagnostic Laboratory Hematology, 2nd edition. By Grorce E. CArrwricur. 250 pp., 
$6.75. Grune & Stratton, New York, N. Y. 

It is refreshing to review a laboratory manual in which the author emphasizes the simplest 
and most reliable techniques in hematology. The procedures are clearly described, reagents 
identified, and selected references are given. Particular attention is paid to the sources of 
error and misinterpretation. A valuable feature is the brief statistical introduction and the 
illustrative examples of variation in results taken from student performances. The book is 
weakest when the author digresses from the laboratory procedures into brief summaries of 
physiology and clinical hematology. The written descriptions of marrow abnormalities are 
not helpful in the absence of accompanying illustrations or photographs. However the book 
effectively accomplishes the author’s intention “‘to present in concise form the essential 
details for the performance and critical evaluation of procedures used commonly in student 
laboratories and doctors’ offices for the diagnosis of hematologic disorders’. 

Junius R. KReEVANs 


Modern Clinical Psychiatry, 5th edition. By ARTHUR P. Noyes AND LAWRENCE C. KOLB. 
694 pp., $8.00. W. B. Saunders Co., Philadelphia, Pa. 

The task of writing a textbook of Psychiatry is monumental. The complexity and diversity 
of material, the differing points of view, plus the many unproved developments, tax the 
judgment and editorial ability of any author. In the Fifth Edition of Dr. Noyes text, con- 
tinuing his good works, he has been joined by Dr. Lawrence Kolb to produce an excellent 
system. 

The emphasis in this volume is on sound clinical knowledge and principles. Where there 
is question or doubt as to the validity of theories or methods, the authors are careful to 
point out uncertainty. Too often psychiatrists become preoccupied with theories and over- 
emphasis on psycho-pathology. This book stresses fundamentals, such as the observation of 
the patient, adequate history taking, careful mental status examination, consideration of 
dynamic formulations, review of mental mechanisms, and personality development. The 
main body of the book is devoted to the principal psychiatric disorders, those due to or- 
ganic brain disease, or lack of physiological brain support, the psychoneurotic reactions, 
psychoses, psycho-physiological reactions, child psychiatry, and character disorders. 

The chapter on treatment, although adequate in covering various methods, would be 
enhanced by specific examples of cases in which techniques and methods are illustrated. 
The authors devote a chapter to Pharmacology in which some of the more important new 
drugs are discussed with careful attention to complications and to proper use and especially 
to abuse of these agents. A section covering insulin and electroconvulsive therapy is informa- 


tive to those not acquainted with these methods and useful for review to those who have not 
constantly practiced them. Finally, there is a new chapter devoted to the problems of 
psychiatry and the law. 
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In general, this is a first rate book, condensing within a seven hundred page volume a 
great deal of knowledge and carefully organized material. This reviewer would like to see 
more on therapy, particularly psychotherapy, a more extensive bibliography, and more 
information devoted to the psycho-physiological disorders. 

This effort represents a constructive blend of the influences of Sigmund Freud and Adolph 
Meyer on American Psychiatry. The developments in the field are so fast moving and ex- 
tensively written about in the literature that it would be well for any practitioner of psy- 
chiatry to read this book. It is certainly to be recommended to the medical student and to 
any person practicing medicine, as well as those working in allied fields. 

WituiaM T. Dixon 


Hermaphroditism, Genital Anomalies and Related Adrenal Disorders. By Howarp W. 
Jones, JR. AND WILLIAM WALLACE Scort. 456 pp., $16.00. The Williams & Wilkins 
Co., Baltimore, Md. 

So broad in scope is this book that to many it may appear to be almost too ambitious an 
undertaking. However, Drs. Jones and Scott, a gynecologist and a urologist, respectively, 
have combined a vast clinical experience with a profound understanding of basic embryo 
logic, anatomic, metabolic and psychologic concepts to produce a work which is of funda- 
mental importance to those interested in the medical and surgical aspects of genital abnor 
malities. Initially, the book was inspired by Dr. Hugh H. Young’s Genital Abnormalities, 
Hermaphroditism and Related Adrenal Disorders, published in 1937, but long in need of 
drastic revision. The present monograph has gone far beyond that goal by unifying in a 
thoroughly readable and understandable manner our current knowledge in this area. 

The authors’ personal experience with the subject has been augmented considerably by a 
long and intimate association with pediatric and adult endocrine groups at The Johns Hop- 
kins Hospital. Through such contacts their surgical experience with genital abnormalities 
has become perhaps the broadest of our time. 

The monograph is largely clinical in approach and the text is supplied with adequate case 
material which is described fully but not laboriously. Photographs, pathologic plates and line 
drawings are used liberally and are at all times beautifully reproduced. To enhance further 
the assets of the book are four chapters written by contributing authors: Dr. Alfred Jost, 
dealing with embryonic sexual differentiation; Drs. John Eager Howard and Claude J. 
Migeon, on Cushing’s syndrome; Dr. Harry F. Klinefelter, on Klinefelter’s syndrome; and 
Dr. John G. McAfee, regarding the radiological diagnosis of adrenal tumors. 

A major portion of the text is concerned with the diagnosis and management of conditions 
within the spectrum of gonadal dysgenesis, from overt, morphologic intersexuality to gonadal 
aplasia and its variants. Female hermaphroditism, whether due to congenital adrenal hyper- 
plasia or that which is not associated with disordered adrenal metabolism, is likewise dealt 
with extensively and much of the available information regarding metabolic defects in the 
former condition is included. 

There is a rather comprehensive review of the surgical aspects of hermaphroditism, 
wherein techniques employed in the reconstruction of the external genitalia are described in 
some detail. Similarly, a chapter is devoted to an excellent discussion of cryptorchidism and 
its management, stressing the high incidence of spontaneous testicular descent. The section 
dealing with endocrine tumors is well-organized, and while material concerning the surgical 
approach to adrenal disorders is rather brief, it is reasonably complete and includes descrip- 


tions and illustrations of several standard surgical techniques. 
In short, this book is a very highly recommended reference. 


ROBERT S. STEMPFEL, JR. 
GERALD H. HOLMAN 
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Annual Review of Medicine, Vol. 9, 1958. Edited by Davin A. Rytanp. 530 pp., $7.00 
Annual Reviews, Inc., Palo Alto, Cal. 

This volume is number 9 in a familiar series and departs little from its predecessors. In- 
cluded among its contents are several authoritative reviews dealing with various infectious 
diseases and disorders of the skin, bones and joints, kidney, gastrointestinal tract, endocrine 
glands and the cardiovascular and nervous systems. Particularly interesting was Dixon’s 
consideration of autoimmunity in disease. He presented a great deal of material of current 
clinical and laboratory interest and leavened it with his own critical comment. Currently 
pertinent is the chapter of Lasagna and Meier dealing with the clinical evaluation of drugs. 
The account of the recent advances of Soviet medical research represents a significant addi- 
tion to the Annual Review of Medicine and hopefully represents a continuing effort to effec 
tively disseminate knowledge of Soviet medical progress. 

Certain of the papers, particularly the one dealing with paper chromatography and elec- 
trophoresis, presented bibliographic material almost exclusively. Such a chapter might well 
provide an interested reader with an extensive list of references only to deprive him of the 
attractive introduction to and fuller appreciation of an unfamiliar area of knowledge which 
the critical comments of a seasoned investigator would furnish. 

ALBERT H. OwENs, JR. 


Skin Grafting, 3rd edition. By James BARRETT BROWN AND FRANK McDoweELt. 411 pp., 
$15.00. J. B. Lippincott Co., Philadelphia, Pa. 

This book, illustrating all of the major techniques of modern skin grafting in plastic 
surgery, is an outstanding contribution by the authors. Their experience in this field is well 
known throughout the world and this book represents a summation of their observations of 
great value, both to the general surgeon and to the specialist in the field of plastic surgery. 

Several points of interest should be noted about this book. To the reviewer, it was imme- 
diately apparent that a strong and personal doctor-patient relationship existed in the care of 
the individuals illustrated in this book. The importance of this relationship in dealing with a 
major burn is well known to the surgeon, but has rarely received the emphasis given by Drs. 
Brown and McDowell. 

There are many helpful additions to the second edition of their book and some of these 
should be noted. The principle of utilizing permanent pedicle blood carrying flaps to areas 
of low vitality, such as radiation defects or gun shot wounds is nicely illustrated. New tech- 
niques for skin grafting of the genitalia and interesting information on the development of 
techniques for the establishment of a skin bank in a modern hospital are included. The 
authors point out the occasional usefulness of early full thickness grafts to burned areas, 
replacing in some instances, the time consuming methods of debridement, split thickness 
grafting, physiotherapy and later full thickness grafting for final function. All of the treat- 
ment is consistently directed toward obtaining the maximum result from the standpoint of 
the “life time outlook for the patient”’. 

Dr. Brown brings out an interesting point of view in suggesting that major burns should 
not be cared for in the modern hospital on a special burn ward. The chronic nature of these 
problems and the need for such patients to be surrounded by patients where average hospital 
stay is short was stressed by Dr. Brown. It is the feeling of the authors that this dispersal of 
burn patients may help impart “‘a certain sense of urgency” that would overcome the tend- 
ency for personnel to treat the hospital as a “second home for an indefinite period”’. 

A fine section is included, pointing out the differences between civil and war injuries and 
this should be read by anyone concerned with problems of metropolitan civil defense plan- 


ning. As, in their previous edition, the authors succeed in reducing surgical considerations to 
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simple and sound basic principles. There are three-hundred-twenty-eight excellent figures, 

including six color plates that illustrate beautifully the surgical procedures employed. The 

book is heartily recommended to anyone in the field of general and plastic surgery. 
Mitton T. EDGERTON 


Psychoprophylactic Preparation for Painless Childbirth. By IsiporE BoNsTEIN. 143 pp., 
$2.50. Grune & Stratton, New York, N. Y. 

This is “‘an adaptation and sometimes a translation of the few French publications” on 
the subject by Lamaze and his collaborators. Based on Pavlov’s work on the conditioned 
reflex, it is an attempt to apply this phenomenon to childbirth. Though strongly and cor- 
rectly disclaiming any similarity to the “hypnotic” approach, the author also denies any 
resemblance to Grantly Dick-Read’s method for decreasing the discomforts of childbirth 
though here the points in common seem far greater than the differences. 

The book is particularly for the teacher of the method but reasonably satisfactory for use 
by the patient herself. ““‘One man’s meat is another man’s poison”. This reviewer finds much 
meat but feels sure the vast majority of obstetricians will reject it. However, its reported ten 
per cent failures (2 per cent in the hands of Lamaze) compares favorably with the failure 
rates of other methods and would seem to warrant serious consideration by all obstetricians. 

EpmunpD P. H. Harrison, JR. 


The Essence of Surgery. By C. SruART WELCH AND SAMUEL R. Powers, JR. 320 pp., $7.00. 
W. B. Saunders Co., Philadelphia, Pa. 

This interesting little book is a curious mixture. Combined with broadly general philo- 
sophic discussions of surgical problems at a level suitable for the intelligent layman or first 
year medical student, there are detailed instructions in an admirable section on surgical tech- 
nique for the use of hemostats, ligatures, directions for the sterilization of scalpels and dis- 
cussion of the sizes of surgical sponges. There is an attempt to consider surgery as the branch 
of medicine which deals with injury and to describe the several types of injury which are 
arbitrarily given as loss of body tissue, loss of body fluids and infection, for the theme of the 
book is said to be that surgery is basically concerned with the problems of acute injury. 
There are brief sections of the book dealing with reconstructive surgery, and with surgery of 
malignant disease, neither of which would fit readily into the category of acute injury. 

The attempt to write a broadly general book about surgery based almost entirely upon a 
discussion of principles is an exciting venture. It does not quite come off. In part because the 
authors have succumbed to the temptation of including conventional and unnecessary detail 
and in part because, conversely, the discussions are at times so general and broad as to lose 
much of their value. The section on fluid balance is particularly good. 

There are no references except in the separate chapter on anesthesia. If the purpose of the 
book is to give the student a broad and general view of surgery early in his career it would 
seem it might be extremely useful to include a carefully selected list of references in each 
section. 

Mark M. Ravitcu 


Regulation and Mode of Action of Thyroid Hormones, Ciba Foundation, Colloquia on 
Endocrinology, Volume X. Edited by G. E. W. WoLsTENHOLME AND E. C. P. MILLAR 

311 pp., $8.50. Little, Brown and Co., Boston, Mass. 
During recent years the Ciba Foundation for the Promotion of International Cooperation 
in Medical and Chemical Research has held forty conferences. The Foundation has published 
in book form the papers and discussions of thirty-four of these. This colloquium on the thy 
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. 
roid hormone is another of their excellent series. The material contained in this book will be 

of most value to those who are engaged in research on the thyroid gland and its hormones, 

but it will be also of interest to those who may wish to acquaint themselves with recently 

acquired knowledge and the newer postulates in thyroid physiology. 

The first one-third of the book pertains to the relationship of the higher centers, such as 
the hypothalamus, on the pituitary-thyroid axis and a consideration of the pituitary’s con 
trol of thyroid function. Harris of London and his associate, Woods, now again at Johns 
Hopkins, show that stimulation of the hypothalamus of normal rabbits results in increased 
thyroid activity and that this effect is accentuated in adrenalectomized animals. They sug- 
gest that their experiments, along with the results of the studies of others, indicate that if the 
adrenal cortex is not capable of responding to stressful stimuli, hypertrophy and hyperactiv- 
ity of the thyroid may occur. Greer of California discusses the likelihood of the existence of 
two types of thyrotropic hormones, one producing thyroid growth dependent on an intact 
hypothalamus and the other stimulating thyroid hormone synthesis and release acting inde 
pendently of the hypothalamus; but he concludes that there is insufficient information at 
present to establish such an hypothesis. In the examination of the cells of the anterior pitui- 
tary Purves and Griesbach of New Zealand have shown that thyrotropin exists in the baso- 
phils. Taurog, Long and Chaikoff of California have defined specifically the defects in thy- 
roid hormone synthesis which occur in rats following hypophysectomy; and Halmi of Iowa 
delineates the factors which influence the ability of the thyroid to concentrate iodide. Such 
studies have added much to our knowledge of Graves’ disease and may lead eventually to an 
understanding of its etiology. 

The second portion of the book pertains to the various thyroid hormones and their 
metabolism. There are chapters on the enzymatic activity of the iodinated thyronines by 
Lissitzky and Bouchilloux of Marseilles, on the formation by rat kidney of the tetra- and tri- 
iodinated thyroacetic acids from thyroxine and triiodothyronine respectively by Lardy and 
his associates of Madison, and on the chemical substances produced by kidney and muscle in 
metabolizing triiodothyronine by Roche and his associates of Paris. 

The final third section of the book relates to the metabolic effects of the thyroid hormones. 
Trotter of London has studied the properties of triiodothyroacetic acid in patients with 
myxedema. This compound, considered to be a major metabolic degradation product of tri- 
iodothyronine, accelerates the metabolism of myxedematous subjects; but it is less potent 
than triiodothyronine. Barker of Birmingham, Alabama, and Thibault of Paris have investi- 
gated the properties of the thyroid hormones on isolated tissues under various experimental 
conditions. 

Although only a sketch of the content of this comprehensive treatise has been drawn, the 
student of the thyroid will be attracted to the fine print discussions following each presenta- 
tion, for here are some of the most stimulating sections of the book. Finally, of considerable 
value are the index and the references; the latter not only follow each chapter but also are 
used to document statements throughout the discussions. 

SAMUEL P. AsPER, JR. 
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on Chronic Illness. 620 pp., $8.00. Published for the Commonwealth Fund by Harvard 
University Press, Cambridge, Mass. 

A Classified Bibliography of Gerontology and Geriatrics. Supplement One 1949-1955. By 
NATHAN W. SHockK. 525 pp., $15.00. Stanford University Press, Stanford, Cal. 

Cold Injury, Ground Type. By Cot. Tom F. WHAYNE AND MicnHaet E. DEBAKEY. Prepared 
under the direction of Maj. Gen. S. B. Hays. Editor in chief, Col. John Boyd Coates, Jr., 
Associate Editor, Elizabeth M. McFetridge. Office of the Surgeon General, Dept. of the 
Army, Washington, D. C. 570 pp., $6.25. Superintendent of Documents, U. S. Govern 
ment Printing Office, Washington, D. C. 

Emergency Treatment and Management, 2nd edition. By THOMAs FLINT, JR. 539 pp., $8.00. 
W. B. Saunders Co., Philadelphia, Pa. 

Eye Surgery, 3rd edition. By H. B. STaALLArD. 899 pp., $18.00. The Williams & Wilkins Co., 
Baltimore, Md., exclusive U. S. agents. 

Handbook of Respiration. Analysis and Compilation by Paritip L. ALTMAN, JoHN F. Gisson, 
Jr. AND CHARLES C. WANG. Edited by Dorothy S. Dittmer and Rudolph M. Grebe. 
Prepared under the direction of the Committee on the Handbook of Biological Data, 
Division of Biology and Agriculture, The National Academy of Sciences, The National 
Research Council. 403 pp., $7.50. W. B. Saunders Co., Philadelphia, Pa. 

Hospital and Community. A. History of the Royal Melbourne Hospital. By K. S. INGLIis. 226 
pp., $5.50. Cambridge University Press, New York, N. Y. 

Infectious Diseases of Children. By SAUL KRUGMAN AND Ropert WARD. 340 pp., $10.00. 
The C. V. Mosby Co., St. Louis, Mo. 

An Introduction to Physics in Nursing, 3rd edition. By Hesse H. Fiirrer. 253 pp., $3.75. 
The C. V. Mosby Co., St. Louis, Mo. 

Introduction to Psychiatric Nursing, 2nd edition. By MARION E. KALKMAN. 331 pp., $5.95 
McGraw-Hill Book Co., New York, N. Y. 

The Johns Hopkins Hospital and The Johns Hopkins University School of Medicine. A 
Chronicle. Vol. II, 1893-1905. By ALAN M. Cuesney. 499 pp., $6.00. The Johns Hop- 
kins Press, Baltimore, Md. 

Mosby’s Comprehensive Review of Nursing, 4th edition. 788 pp., $7.50. The C. V. Mosby 
Co., St. Louis, Mo. 

Physical Examination of the Surgical Patient, 2nd edition. By J. ENGLEBERT DUNPHY AND 
Tuomas W. BorsFrorp. 375 pp., $8.00. W. B. Saunders Co., Philadelphia, Pa. 

The Principles and Practice of Medicine, 4th edition. A Textbook for Students and Doctors. 
By Sir STANLEY Davipson and the Staff of the Department of Medicine, University of 
Edinburgh, and Associated Clinical Units. 1067 pp., $8.00. The Williams & Wilkins Co., 
Baltimore Md., exclusive U. S. agents. 

Dr. Squibb, the life and times of a rugged idealist. By LAwrRENCE G. BLOCHMAN. 372 pp., 
$5.00. Simon and Schuster, New York, N. Y. 

Technic and Practice of Psychoanalysis. By Leon J. SAUL. 244 pp., $8.00. J. B. Lippincott 
Co., Philadelphia, Pa. 

Therapeutic Exercise. Edited by Sipney Licur. Volume III of Physical Medicine Library. 
893 pp., $16.00. Elizabeth Licht, Publisher, New Haven, Conn. 

To Work in the Vineyard of Surgery. The Reminiscences of J. Collins Warren, 1842-1927. 
Edited, with appendices, notes and comments by Epwarp D. CHURCHILL. 288 pp., 
$6.00. Harvard University Press, Cambridge, Mass. 
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Orinase: a year of experience 


A review of the first year of general use of 
Orinase* shows that the infant drug of June, 
1957, had become an accepted and trusted 
therapeutic tool by June, 1958. 

Because Orinase was used clinically in more 
than 18,000 patients prior to its release to 
the medical profession, Upjohn was confident 
of how well it would perform. The physician, 
naturally, was cautious in his dealings with 
this revolutionary new agent for diabetes 
control; he moved slowly. But, as the months 
passed, Orinase gained the confidence of 


—_ ——~ Medicine 


Upjohn designed for health ... 


produced with care 


physicians and patients, and, by the end of 
the first year of general use, more than 
250,000 diabetics were being controlled on 
oral therapy. 


It has recently been conclusively demon- 
strated that Orinase, in the presence of a 
functional pancreas, effects the production 
and utilization of native insulin via normal 
channels. Now that the mode of action is 
established, additional hundreds of thousands 
of diabetics should soon be enjoying a more 
normal life, thanks to a more logical therapy. 
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FINNERTY, F. A., Buchholz, J. H. and Tuckman, J.: J.A.M.A. 166:141, 
Jan. 11, 1958. 


DIURIL (Chlorothiazide) given alone to 85 patients, “. . . caused an excellent 
diuresis, with reduction of edema, weight, blood pressure, and albuminuria. ... 

The average effective dose was found to be 1 Gm. per day by mouth. . . . The usually 
excellent response coupled with the absence of significant toxicity and lack of 
development of drug resistance makes chlorothiazide ideal for the prevention 

and treatment of toxemia.” 





DOSAGE: one or two 500 mg. tablets of DIURIL once or twice a day. 


SUPPLIED: 250 mg. and 500 mg. scored tablets DIURIL (chlorothiazide); 
bottles of 100 and 1,000. 


Divrit is a trademark of Merck & Co., Inc. 


©1958 Merck & Co., Inc. 
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THE BERBECKER “SPRING EYE”’ 


Threads Instantly 
Holds Securely 


THE BERBECKER Spring Eye may be threaded at any 
point on the suture merely by forcing the suture 
through the slot into place. It is then held as securely 
as though in a solid eye. 

This eye permits use of black silk or other non- 
absorbable sutures, as used in the Halsted technique, 2 
for stomach and other abdominal operations, where 
tension on the wound is excessive. One of many de- 
pendable Berbecker needles obtainable regularly 








at your surgical supply dealer. Fig. 6 


BERBECKER SURGEONS NEEDLES 


Made in England for the Surgeons and Hospitals of America 
JULIUS BERBECKER & SONS, INC., 15G E. 26th ST., NEW YORK 10 
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specific for situational stress 





PHENERGAN aids in carrying your patients through difficult 
periods of stress. It creates a state of quiescence without de- 
pressing vital functions. Because of its many actions and uses, 
PHENERGAN is used extensively in obstetrics, surgery, and in 
wide-ranging areas of medicine. 


versatile in action indications : 
Psychic sedative Nausea and vomiting 
Antiemetic Motion sickness 
Antihistaminic Surgical sedation 
Analgesic and narcotic Obstetrical sedation 
potentiator Oral surgery and dental 
procedures 


Allergic reactions 


PHENERGAN® 


HY DROCHLORIDE Philadelphia 1, Pa 
Promethazine Hydrochloride, Wyeth 


INJECTION + TABLETS + SYRUP + SUPPOSITORIES 


Comprehensive literature supplied on request 


Motion sickness Surgical and Allergic reactions 
Nausea and vomiting obstetrical sedation 
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Faster rehabilitation in 











Joint inflammation and muscle spasm 
are the two elements most responsibie 
for disability in rneumatic-arthritic dis- 
orders—and MEPROLONE is the one 
agent that treats both. 


MEPROLONE suppresses the inflammatory 
process and simultaneously relieves aching 
and stiffness caused by muscle spasm, to pro- 
vide greater therapeutic benefits and a shorter 
rehabilitation period than any singie antirheu- 
matic-antiarthritic agent. 










MERCK SHARP & DOHME bivision of MERCK & CO., inc., Philadelphia 1, Pa. 


MEPROLONE-2 Is Indicated in cases of severe 
involvement, yet often leads to a reduction of 
steroid dosage because of its muscie-relaxant 
action. When involvement is only moderately 
severe or mild, MEPROLONE-1 may beindicated. 


SUPPLIED: Multiple Compressed Tablets in 
three formulas: MEPROLONE-2—2.0 mg. pred- 
nisolone, 200 mg. meprobamate and 200 mg. 
dried aluminum hydroxide geil (bottles of 100). 
MEPROLONE -1 supplies 1.0 mg. prednisolone 
in the same formula as MEPROLONE-2 (bot- 
tiles of 100). MEPROLONE-5—5.O mg. predniso- 
lone, 400 mg. meprobamate and 200 mg. dried 
aluminum hydroxide gel (bottles of 30) 


Because muscies move joints, 
both muscle spasm and joint 
intlammation must be 
considered in treating the 
rheumatic-arthritic patient... 
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Rheumatoid Arthritis 


multiple compressed tablets 


MEPROLONE 


THE FIRST MEPROBAMATE-PREDNISOLONE THERAPY 








MEPROLONE is the one 
antirheumatic-antiarthritic that 
exerts a simultaneous action to 
relax muscies in spasm and 

to suppress joint inflammation... 





Cc 


Therefore, MEPROLONE does 
more than any single agent to 
help the physician shorten the 
time between disability and 
employability. 


MEPROLONE is a trade-mark of Merck & Co., Inc. 
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HOR A 
QUICK 
COMEBACK 
V-CILLIN K 


iis Mw 


provides dependable, fast, effective therapy 


dependable action 


because all patients show therapeutic 
blood concentrations of penicillin with 
recommended dosages. 


quick deployment 


of the bacteria-destroying antibiotic. 
Within five to fifteen minutes after ad- 
ministration, therapeutic concentrations 
appear in the general circulation. 


higher blood levels 


than with any other penicillin given 


orally. Bactericidal concentrations are 
assured. Infections resolve rapidly. 


Dosage: 125 or 250 mg. three times daily. 


Supplied: Tablets, scored, of 125 and 250 
mg. (200,000 and 400,000 units). 


New V-Cillin K, Pediatric: In bottles 
of 40 and 80 cc. Each 5-cc. teaspoonful 
provides 125 mg. V-Cillin K. 


V-Cillin® K (penicillin V potassium, Lilly) 


ELI LILLY AND COMPANY © INDIANAPOLIS 6, INDIANA, U.S.A. 


833283 
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for the peak of analgesic efficiency 
brand of DIHYDROMORPHINONE 


Dosage Forms of Dilaudid hydrochloride: 
Ampules: Icc., 2 mg. and 3 mg. each. 





Hypodermic Tablets: 2, 3 and 4 mg. each. 
Oral Tablets: 2.7 mg. each. 
Multiple Dose Vial: 10 cc., 2 mg. Dilaudid sulfate per cc. 





*Subject to Federal narcotic regulations 
Dilavdid®, E. Bilhuber, Inc. 
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BIOLOGICAL EFFECTS OF WHOLE-BODY 
GAMMA RADIATION ON HUMAN BEINGS 


by Harold O. Davidson, Jr. 


The new science of operations research is used in this book to bridge the gap 
between what is currently known in biological science about radiation effects, and 
what must currently be planned or done, from a practical point of view, to deal 
with possible fallout hazard. Resulting from a study made under the auspices of 
the Operations Research Office of The Johns Hopkins University, the book sur- 
veys existing research evidence and proposes a quantitative method of predicting 
how the early effects of fallout irradiation would be modified in humans by re- 
covery processes. The results are organized and presented in such a form as to be 
directly applicable to both civil and military defense problems. 


112 pages Appendices; Figures; Tables $4.50 


THE JOHNS HOPKINS PRESS 


Baltimore 18, Maryland 
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The color and excitement of the early days 
of a great hospital and medical school are 
in this new volume: 


The Johns Hopkins Hospital and 


The Johns Hopkins University 
School of Medicine: A Chronicle 


Volume II, 1893—1905 


By Alan M. Chesney, M. D. 


Dean Emeritus of the Medical Faculty, 


The Johns Hopkins University 


On October 1, 1893, fifteen men and three women became the first 
students in The Johns Hopkins University School of Medicine. 
Volume II of Dr. Chesney’s definitive history begins at this point 
with the founding of the medical school and ends in 1905 with 
the resignation of the famed Dr. William Osler. These were 
important years for the new school and for medical education. 
536 pages 44 illustrations Index $6.00 


Also available .. . 


THe Jouns Hopkins HospiraL and THE JouNs Hopkins 
University ScuHoot or Mepicine: A Curonicie, Votume I: 
Ear.y YEARS, 1867-1893 $3.00 


The Johns Hopkins Press 
Baltimore 18, Maryland 
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Non-Constipating 
Acid 


Neutralizer 


Unexcelled in... 


PEPTIC ULCER AND GASTRIC HYPERACIDITY 


also EFFECTIVELY REDUCES... 


castle .. 
UIstress 


in Steroid Therapy! 


THE RALPH WINTON COMPANY 
Pharmaceutical Chemists — sactimore 2, MARYLAND 
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GUDEBROD NON-ABSORBABLE SUTURES 


since 1870 
with complete packaging 


non- 
with all ehesstable sutures 


Surgeons used Gudebrod silk as suturing material back 
in 1870. 


In 1899 Gudebrod made the first silk sutures especially 
for surgical use. 
















@ Gudebrod then applied their years of experience to cotton 
and in 1940 brought out the first cotton sutures. 


@ For positive identification by color, Gudebrod produced 
in 1953 the first icJol. Jol} |clo}o}|o * cotton sutures. 

@ A year later, in 1954, Gudebrod advanced by making the 
first Agighy8totc * silk sutures. 

@ In 1956 came the Cerethermic* finish .. . a new standard 
in strength, smoothness and ease of handling. 


@ And in 1957, the first all-dry Mintraumatic® suture was 
introduced. 


“TM, 


WHETHER IT’S SILK, COTTON OR NYLON, WHATEVER SUTURE FIBER YOU PREFER, IN WHAT- 
EVER PACKAGING BEST SUITS YOUR NEEDS, GUDEBROD HAS IT... CHAMPION... TOP QUALITY. 


Gude brod BROS. SILK CO., INC. 


Surgical Division: 225 West 34th St., New York 1, N. Y. 





Executive Offices: 12 South 12th St., Phila. 7, Pa. 
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100 mg. (1% greins) 


per 5 ce. teaspoon. 








therapeutic formulas 
for special infant feeding problems 





new 


in phenylketonuria Lofenalac 
Low phenylalanine formula, Mead Johnson 
powder 


in milk sensitivity Sobee® 
Hypesllergenic soya formula, Mead Johnson 
liquid /powder 
in protein sensitivity Nutramigen® 
ee hydrolysate formula, Mead Johnson 
pow. 


in various nonspecific digestive disturbances Probana® 


High protein formula with banana powder, Mead Johnson 


For yourse!f and your aesociates, “Phenylketonuria: 
Management with the aid of Lofenalac,” 

Your Mead Johnson representative will be happy 
to supply you with this new booklet 


and for feeding “normal” babies... 
Lactum,® modified milk formula (liquid - powder); 
Dextri-Maltose,® maltose-dextrins formula modifier. 


Mead Johnson 


Symbol of service in medicine reeds 


T7444 














